I ORIGINAL CONTRIBUTION

Association of Family History
With Cancer Recurrence and Survival
Among Patients With Stage lll Colon Cancer

Jennifer A. Chan, MD, MPH
Jeffrey A. Meyerhardt, MD, MPH
Donna Niedzwiecki, PhD
Donna Hollis, MS

Leonard B. Saltz, MD
Robert J. Mayer, MD

James Thomas, MD, PhD
Paul Schaefer, MD

Renaud Whittom, MD
Alexander Hantel, MD
Richard M. Goldberg, MD
Robert S. Warren, MD
Monica Bertagnolli, MD
Charles S. Fuchs, MD, MPH

PPROXIMATELY 16% TO 20%

of patients with colorectal

cancer have a first-degree

relative with colorectal can-
cer.! Beyond rare but highly penetrant
hereditary colorectal cancer syn-
dromes, numerous studies have dem-
onstrated that a history of colorectal
cancer in a first-degree relative in-
creases the risk of developing the dis-
ease by approximately 2-fold.” How-
ever, the influence of family history on
cancer recurrence and survival among
patients with established colon cancer
remains uncertain. A study of the Utah
Population Database and Cancer Reg-
istry observed that family history of
colon cancer had little impact on
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Context A family history of colorectal cancer in a first-degree relative increases the
risk of developing colorectal cancer. However, the influence of family history on cancer
recurrence and survival among patients with established disease remains uncertain.

Objective To examine the association of family history of colorectal cancer with can-
cer recurrence and survival of patients with colon cancer.

Design, Setting, and Participants Prospective observational study of 1087 pa-
tients with stage Il colon cancer enrolled in a randomized adjuvant chemotherapy trial
(CALGB 89803) between April 1999 and May 2001. Patients provided data on family
history at baseline and were followed up until March 2007 for disease recurrence and
death (median follow-up, 5.6 years). In a subset of patients, we assessed microsatel-
lite instability (MSI) and expression of the mismatch repair (MMR) proteins MLH1 and
MSH2 in tumor specimens.

Main Outcome Measures Disease-free survival, recurrence-free survival, and
overall survival according to the presence or absence of a family history of colorectal
cancer.

Results Among 1087 eligible patients, 195 (17.9%) reported a family history of co-
lorectal cancer in a first-degree relative. Cancer recurrence or death occurred in 57 of
195 patients (29%; 95% confidence interval [Cl], 23 %-36%) with a family history of
colorectal cancer and 343 of 892 patients (38%; 95% Cl, 35%-42 %) without a fam-
ily history. Compared with patients without a family history, the adjusted hazard ra-
tios (HRs) among those with 1 or more affected first-degree relatives were 0.72 (95 %
Cl, 0.54-0.96) for disease-free survival, 0.74 (95% Cl, 0.55-0.99) for recurrence-free
survival, and 0.75 (95% Cl, 0.54-1.05) for overall survival. This reduction in risk of
cancer recurrence or death associated with a family history became stronger with an
increasing number of affected first-degree relatives. Compared with participants with-
out a family history of colorectal cancer, those with 1 affected relative had a multi-
variate HR of 0.77 (95% Cl, 0.57-1.04) for disease-free survival. For participants with
2 or more affected relatives, we observed a greater reduction in risk (multivariate HR
for disease-free survival, 0.49; 95% Cl, 0.23-1.04; P for trend with increasing number
of affected relatives=.01). The improved disease-free survival associated with a fam-
ily history was independent of tumoral MSI or MMR status.

Conclusion Among patients with stage Ill colon cancer receiving adjuvant chemo-
therapy, a family history of colorectal cancer is associated with a significant reduction
in cancer recurrence and death.
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colon cancer patient survival®; in con-
trast, an analysis of a Japanese tumor
registry demonstrated an improved
prognosis.” Interpretation of these con-
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]
Figure 1. Derivation of Cohort Size

1264 Patients enrolled in
CALGB 89803

169 Did not complete questionnaire
87 Enrolled prior to diet/lifestyle
amendment of protocol
59 Had cancer recurrence, died,
or were removed from protocol
treatment prior to questionnaire
23 Other

‘ 1095 Completed questionnaire ‘

8 Excluded (cancer recurrence or death
within 90 days after trial enrollment)

‘ 1087 Included in analysis ‘

CALGB indicates Cancer and Leukemia Group B.

flicting data is limited by a lack of de-
tailed information regarding tumor
stage and treatment in either of these
studies.

We therefore prospectively exam-
ined the influence of family history of
colorectal cancer on survival of pa-
tients with stage III colon cancer who
participated in a large clinical trial of
adjuvant chemotherapy sponsored by
the National Cancer Institute (NCI). Be-
cause detailed information about fam-
ily history of colorectal cancer was as-
sessed at study entry, we were able to
prospectively analyze the influence of
family history while adjusting for other
predictors of cancer recurrence and sur-
vival. In addition, among a subset of
subjects with archived tumor speci-
mens, we were able to assess whether
the association between family his-
tory and survival was independent of
tumoral microsatellite instability (MSI)
or expression of mismatch repair
(MMR) proteins.

METHODS

Study Population

Patients in this study were partici-
pants in the NClI-sponsored Cancer and
Leukemia Group B (CALGB) adju-
vant therapy trial for stage I11 colon can-
cer (CALGB 89803). This study was a
randomized trial comparing therapy
with weekly fluorouracil and leucovo-
rin to therapy with weekly irinotecan,
fluorouracil, and leucovorin.® Be-
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tween April 1999 and May 2001, 1264
patients were enrolled in the treat-
ment trial. As part of the original ran-
domized clinical trial protocol, we in-
cluded a plan to study diet, lifestyle, and
family history on patient survival. A
validated self-administered question-
naire assessing diet and lifestyle hab-
its as well as family history of colorec-
tal cancer was administered to patients
midway through their adjuvant therapy
(4 months after surgical resection).”!

The protocol amendment to survey
family history was activated after the
first 87 patients were enrolled; there-
fore, only the subsequent 1177 pa-
tients were offered the diet and life-
style companion study. An additional
59 patients experienced cancer recur-
rence, death, or removal from the pro-
tocol before receiving the question-
naire. Thus, 1118 patients were eligible
to complete the questionnaire, of whom
1095 patients (98%) completed the sur-
vey. Consistent with prior analyses, we
excluded patients who experienced can-
cer recurrence or death within 90 days
of trial enrollment to avoid potential
bias in risk-factor assessment related to
underlying illness,” thus leaving 1087
patients eligible for analysis. FIGURE 1
illustrates adherence with completion
of the questionnaire and derivation of
the final sample size.

Patients were eligible for the treat-
ment trial (and thus this companion
study) if they had undergone a com-
plete surgical resection of the primary
tumor within 56 days of study entry and
had regional lymph node metastases but
no evidence of distant metastases (stage
111 colon cancer). Patients were re-
quired to have a baseline Eastern Co-
operative Oncology Group perfor-
mance status of 0 to 2 (ambulatory) and
have adequate bone marrow, renal, and
hepatic function. Race or ethnicity was
self-reported and recorded in the hos-
pital database at each participating cen-
ter. Classifications included white, His-
panic, black, Asian, Native Hawaiian,
Native American, Indian, Filipino, other,
and unknown. These data along with
other demographic information were re-
ported by each participating center to the

CALGSB Statistical Center. All patients
provided written informed consent, ap-
proved by the institutional review board
of each participating institution.

Family History Assessment

Participants were asked, “Have any of
the following relatives (father, mother,
1 sibling, additional sibling) had co-
lon or rectal cancer?” with an option
for yes or no for each relative. Patients
were instructed to include any de-
ceased relative and not count half-
siblings. Additionally, for each af-
fected relative, patients provided
information about the decade of the
relative’s age at first diagnosis (<50
years, 50-59 years, 60-69 years, =70
years, age unknown). No questions
were asked about family size, and no
attempt was made to validate reports of
cancer in family members.

Measurement of MSI

Among patients with available tumor
specimens, DNA was extracted from
paraffin-embedded tumor and nontu-
mor tissue. Polymerase chain reaction
analysis was conducted using a panel
of 10 DNA mononucleotide and di-
nucleotide microsatellite markers.!
Only cases with 5 or more evaluable mi-
crosatellite markers were included.
Those showing instability in at least
40% of the loci tested were classified as
having high-frequency MSI (MSI-H).
Cases with no evaluable markers show-
ing instability were classed as micro-
satellite stable (MSS), and the remain-
der were classed as MSI-low (MSI-L)."!

Immunostaining for the mismatch re-
pair (MMR) proteins MLH1 and MSH2
was undertaken as described previ-
ously."? If either MLH1 or MSH2 dem-
onstrated lack of staining, the tumor
was considered to be MMR deficient.
Tumors possessing staining for both
MLH]1 and MSH2 were considered to
be MMR intact."!

Among the 1087 patients included
in this analysis, 125 were classified as
having MSI-H tumors, 614 had MSI-L
or MSS tumors, and 348 did not have
blocks available for genotyping analy-
sis. Furthermore, 87 patients were clas-
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sified as having tumors with deficient
staining for the MMR proteins, 580 had
tumors with intact MMR staining, and
420 did not have blocks available for
immunohistochemical analysis. In mul-
tivariate analyses, MSI status and stain-
ing for DNA MMR proteins were coded
using an indicator variable to reflect
missing data.

Study End Points

For this study, the primary end point
was disease-free survival (DFS), de-
fined as time from study enrollment to
tumor recurrence, occurrence of a new
primary colon cancer, or death as a re-
sult of any cause. In addition, recur-
rence-free survival (RFS) was defined
as the time from study enrollment to
tumor recurrence, death with evi-
dence of recurrence, or occurrence of
a new primary colon tumor. For RFS,
patients who died without known tu-
mor recurrence were censored at the
last documented evaluation by the treat-
ment provider. Finally, overall sur-
vival was defined as the time from study
enrollment to death as a result of any
cause.

Statistical Methods

All 3 end points (DFS, RFS, and over-
all survival) were examined using
Kaplan-Meier curves and the log-rank
test.”® Cox proportional hazards regres-
sion was used to determine the simul-
taneous impact of potential confound-
ers.'* The proportionality of hazards
assumption for the effect of family his-
tory was tested by examining it as a
time-dependent covariate in the Cox
model. The time-dependent family his-
tory covariate was not statistically sig-
nificant (P=.95), indicating that the as-
sumption of proportional hazards was
appropriate. Covariates with missing
variables were coded with indicator
variables in adjusted models. We tested
for linear trend by entering the num-
ber of relatives (0, 1, 2 or more) af-
fected with colorectal cancer as a con-
tinuous variable into the multivariate
model. Tests of interactions between
family history of colorectal cancer and
potentially modifying covariates, in-
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cluding treatment, were assessed by en-
tering the cross product of family his-
tory and the covariate of interest.

Statistical significance was consid-
ered at the .05 level. We used SAS ver-
sion 9.1 (SAS Inc, Cary, North Caro-
lina) for all statistical analyses. Patient
registration, clinical data collection, and
statistical analyses were conducted by
the CALGB Statistical Center, and all
analyses were based on the study da-
tabase frozen on March 2, 2007. Me-
dian follow-up time was calculated
among surviving patients from the time
of enrollment to the time at which the
study database was frozen. Using the
Clark C," the completeness of fol-
low-up for this study was 83.25%. Ap-
plying the Wu modification'® to ad-
just for unreported deaths, a more
realistic assessment of the complete-
ness of follow-up was 85.0%.

RESULTS

Results for the clinical trial have been
previously reported. No significant dif-
ferences were found between the study
treatment arms in either overall sur-
vival or DFS.®

Baseline characteristics for the 1087
patients for whom data on family his-
tory were captured are presented in
TABLE 1. Among these 1087 partici-
pants, 195 (17.9%) reported a family
history of colorectal cancer in 1 or more
first-degree relatives. Compared with
patients without a family history, those
with a family history were less likely to
have presented with clinical bowel ob-
struction (P=.02). Other potentially
prognostic patient and tumor charac-
teristics did not differ significantly ac-
cording to family history.

The median follow-up time from en-
rollment was 5.6 years (10th and 90th
percentiles were 3.3 and 6.4 years, re-
spectively). The predefined primary end
point of this analysis was DFS (time to
cancer recurrence or death as a result
of any cause). A family history of co-
lorectal cancer was associated with a
significant reduction in the risk of can-
cer recurrence or mortality (FIGURE 2).
This relationship remained largely un-
changed after adjusting for other pre-
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dictors of cancer recurrence (TABLE 2).
Compared with patients without a fam-
ily history, those with a family history
had a multivariate hazard ratio (HR) of
0.72 (95% confidence interval [CI],
0.54-0.96) for cancer recurrence or
death. Cancer recurrence or death oc-
curred in 57 of 195 patients (29%; 95%
CI, 23%-36%) with a family history of
colorectal cancer compared with 343 of
892 patients (38%; 95% CI, 35%-
42%) without a family history.

To isolate the influence of family his-
tory on cancer recurrences, we used the
end point of RFS in secondary analy-
ses. Compared with patients without a
family history of colorectal cancer, those
with a family history had a multivari-
ate HR of 0.74 (95% CI, 0.55-0.99) for
cancer recurrence (Table 2). Cancer re-
currence occurred in 52 of 195 pa-
tients (27%; 95% CI, 21%-33%) with
a family history of colorectal cancer and
316 of 892 patients (35%; 95% CI, 32%-
39%) without a family history. More-
over, the adjusted HR for overall mor-
tality among patients with a family
history compared with patients with-
out a family history was 0.75 (95% CI,
0.54-1.05). Death occurred in 43 of 195
patients (22%; 95% CI, 17%-28%) with
a family history of colorectal cancer and
247 of 892 patients (28%; 95% CI, 25%-
31%) without a family history.

The apparent benefit associated with
family history was stronger with an in-
creasing number of affected family
members (FIGURE 3 and TABLE 3). Al-
though the vast majority of patients
with a family history reported 1 af-
fected relative, there was a significant
trend for improvement in DFS with an
increasing number of affected family
members. Compared with partici-
pants without a family history of colo-
rectal cancer, those with 1 affected rela-
tive had a multivariate HR of 0.77 (95%
CI,0.57-1.04) for cancer recurrence or
death. For participants with 2 or more
affected relatives, we observed a greater
reduction in risk (multivariate HR, 0.49;
95% CI, 0.23-1.04; P for trend with in-
creasing number of affected rela-
tives=.01). Cancer recurrence or death
occurred in 50 of 165 patients (30%;
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Table 1. Baseline Characteristics by Family History of Colorectal Cancer

Family History of Colorectal Cancer, No. (%)

95% CI, 24%-38%) with 1 affected rela-
tive, 7 of 30 patients (23%; 95% CI,
129%-41%) with 2 or more affected rela-

No Yes? tives, and 343 of 892 patients (38%;
(n=892) (n=195) Value® 950, CI, 35%-42%) without a family
Age, median (range). y 60 (24-85) €3 (21-85) 24¢ history. We observed similar trends
Male sex 488 (85) 119 (61) 3l for cancer recurrence (RFS; P for
Rac\?\/hite 789 (89) 171 (89) trend=.03) and overall mortality (P for
Black 61(7) 14(7) J 83 trend=.09) (Table 3).
Other 39 @4) 10 5) We also examined whether the effect
Performance status® of family history varied according to the
0 658 (75) 139 (73) :I 50 age at which the first-degree relative was
1-2 214 (25 5127 diagnosed with colorectal cancer.
Body mass index, median (range)® 27.3(15.6-51.7) 26.8 (17.5-49.3) 82°  Among patients whose relative was di-
Treatment arm . agnosed with colorectal cancer at an age
F!uorouracn and Ieucs)vonn . 446 (50) 102 (52) ] 58 younger than 50 years, the a djus ted HR
Irinotecan, fluorouracil, and leucovorin 446 (50) 93 (48) .
Tomor locaton for cancer recurrence or mortality
Right colon 486 (56) 115 (61) ] ” (DFS) was 0.68 (95% CI, 0.36-1.29)
Left colon 385 (44) 75 (39) : compared with patients without a fam-
Postoperative CEAT ily history of colorectal cancer. For pa-
=5 765 (92) 168 (94) :| 28 tients with a family member diag-
>5 69 (8) 10(6) nosed with colorectal cancer at age 50
Inva$i10r;r:gr%gh bowel wall? B~ 26 (13 years or older, the adjusted HR for can-
T3 and T4 753 &7) 765 67) :I 99 cer recurrence or mortality was 0.73
= (95% CI, 0.53-1.00). Cancer recur-
Positive lymph nodes .
1-3 553 (63) 124 (65) ] - rence or death occurred in 10 of 36 pa-
=4 321 (37) 66 (35) ' tients (28%; 95% CI, 16%-44%) and 46
Tumor differentiation of 155 patients (30%; 95% CI, 23%-
Well 52 (6) 9 37%) with a history of colorectal can-
Moderate 616 (71) 133 (70) i| 70 cer diagnosed in a family member at an
Poor 203 (239) 49 (26) age younger than 50 years and at 50
Clinical bowel obstruction 212 (24) 31(16) .02 years or older, respectively.
Clinical bowel perforation 37 (4) 11(6) .34 We considered the pOSSibility that pa-
Smoéﬁg;’iatus 80 27 (14) tients with a family history of colorec-
Past 393 (45) 85 (44) i| 13 tal cancer might hgve a dlffgrent prog-
Nover 408 (46) 83 (43) nosis related to earlier Fletgctlon of their
Household income in 1999, 40542 (20480122056 41367 (1796307018 26 cancers. Although adjusting for depth

median (range), $" of invasion (T stage) and nodal status

Physical activity, median (range), MET hiwk 4.9 (0-125.2) 4.5 (0-147.4) 48 (N stage) and the presence of clinical

Dietary intake, median (range) obstruction or perforation would mini-
Red meat, servings/wk 3.2 (0-22.6) 3.2 (0-15.1) .80°¢ mize such biases, we further ad-
Processed meats, servings/wk 2.4 (0-33.0) 2.6 (0-16.0) .15¢ dressed this concern by repeating our
Refined grains, servings/d 3.2 (0-21.6) 2.9(0.5-16.3) .38¢ analyses after excluding patients with
Dessert, servings/d 1.2 (0-10.9) 1.1(0-19.9) .84¢ earlier stage T1 and T2 tumors. How-
Total fat, g/d 73.6 (0-127.6) 75.0 (26.8-117.2) 50°

ever, restricting the analysis to pa-
tients with T3 and T4 tumors did not
materially alter our results. Compared
with patients without a family history,
those with 1 or more affected first-
degree relatives experienced a multi-
variate HR for cancer recurrence or
death of 0.69 (95% CI, 0.51-0.94).
Among patients with T3 and T4 tu-
mors, cancer recurrence or death oc-
curred in 49 of 165 patients (30%; 95%

Abbreviations: CEA, carcinoembryonic antigen; MET, metabolic equivalent tasks.
2Pegroentages may not add to 100 due to rounding.

b By x? test unless otherwise noted.

€By Wilcoxon rank sum.

A performance status of O indicates the patient was fully active; 1, restricted in physically strenuous activity but ambula-
tory and able to carry out light work; and 2, ambulatory and capable of all self-care but unable to carry out any work
activities and up and about more than 50% of waking hours. Performance status was based on patient status at initia-
tion of chemotherapy (entry into the treatment trial).

€Body mass index is calculated as weight in kilograms divided by height in meters squared. Body mass index was based
on patient status at initiation of chemotherapy (entry into the treatment trial).

fF’ostoperative CEA was based on patient status at initiation of chemotherapy (entry into the treatment trial).

9A grade of T1 or T2 indicates the level of invasion was through the bowel wall but not beyond the muscle layer; T3 or T4,
the level of invasion was through the bowel wall beyond the muscle layer.

NMedian household income was determined based on the median housshold income in the patient’s zip code area ac-
cording to the US National Census in 2000.
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CI, 23%-37%) with a family history of
colorectal cancer and 310 of 753 pa-
tients (41%; 95% CI, 38%-45%) with-
out a family history.

We also repeated our analyses after
excluding patients with a cancer de-
tected in less than 4 positive lymph
nodes (N1). Among patients with N2
disease (=4 positive lymph nodes), our
results remained largely unchanged: the
adjusted HR for cancer recurrence or
death among patients with a family his-
tory of colorectal cancer was 0.76 (95%
CI, 0.49-1.17). Cancer recurrence or
death occurred in 26 of 66 patients
(39%:; 95% CI, 29%-51%) with a fam-
ily history of colorectal cancer and 156
of 321 patients (49%; 95% CI, 43%-
54%) without a family history.

We also assessed the association be-
tween family history and DFS across
strata of other potential predictors of
patient outcome (FIGURE 4). The effect
of family history on the risk of cancer
recurrence or mortality was not signifi-
cantly modified by baseline perfor-
mance status, number of positive lymph
nodes, or treatment arm. In contrast,
the effect of family history appeared to
differ according to patient age and sex.
Among patients younger than 50 years,
a family history of colorectal cancer was
associated with an adjusted HR for can-
cer recurrence or death of 1.19 (95%
Cl,0.61-2.31); among patients 50 years
or older, the adjusted HR for family his-
tory was 0.66 (95% CI, 0.48-0.91). For
patients younger than 50 years, can-
cer recurrence or death occurred in 14
of 40 patients (35%; 95% CI, 22%-
50%) and 61 of 172 patients (35%; 95%
CI, 29%-43%) with and without a fam-
ily history, respectively. For patients 50
years or older, cancer recurrence or
death occurred in 43 of 155 patients
(28%; 95% CI, 21%-35%) and 282 of
720 patients (39%; 95% CI, 36%-
43%) with and without a family his-
tory, respectively.

Among male patients, a family his-
tory of colorectal cancer was associ-
ated with an adjusted HR for cancer
recurrence or death of 0.63 (95% CI,
0.44-0.91); among female patients, the
adjusted HR for family history was 1.03

©2008 American Medical Association. All rights reserved.
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(95% CI, 0.64-1.63). For male patients,
cancer recurrence or death occurred in
35 of 119 patients (29%; 95% CI, 22%-
38%) and 202 of 488 patients (41%; 95%
CI,37%-46%) with and without a fam-
ily history, respectively. For female
patients, cancer recurrence or death
occurred in 22 of 76 patients (29%; 95%

FAMILY HISTORY AND COLON CANCER

CI, 20%-40%) and 141 of 404 patients
(35%; 95% CI, 30%-40%) with and
without a family history, respectively.
Nonetheless, tests for interaction
between patient age and the presence
of a family history and patient sex and
the presence of a family history did not
reach statistical significance (P=.18 and

]
Figure 2. Disease-Free Survival According to Family History of Colorectal Cancer
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No. of events
Family history of
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Table 2. Unadjusted and Multivariate Adjusted Hazard Ratios for Recurrence-Free Survival,
Disease-Free Survival, and Overall Survival According to Presence of Family Member With

Colorectal Cancer

Family Member
With Colorectal Cancer

No Yes
Cancer recurrence or death from any cause
(disease-free survival)
No. of events 343 57
No. at risk 892 195

Unadjusted HR (95% ClI)

1 [Reference] 0.71 (0.54-0.94)

Adjusted HR (95% Cl)2

1 [Reference] 0.72 (0.54-0.96)

Cancer recurrence (recurrence-free survival)
No. of events

316 52

No. at risk

892 195

Unadjusted HR (95% ClI)

1 [Reference] 0.71 (0.53-0.95)

Adjusted HR (95% Cl)2

1 [Reference] 0.74 (0.55-0.99)

Overall mortality
No. of events

247 43

No. at risk

892 195

Unadjusted HR (95% ClI)

1 [Reference] 0.75 (0.54-1.03)

Adjusted HR (95% Cl)@

1 [Reference] 0.75 (0.54-1.05)

Abbreviations: Cl, confidence interval; HR, hazard ratio.

@Multivariate HRs and 95% Cls are adjusted for age (years), sex, race, performance status (0 vs 1-2), depth of invasion
(T1 and T2 vs T3 and T4), number of positive lymph nodes (1-3 vs 4 or more), presence of clinical perforation at the
time of surgery, presence of bowel obstruction at the time of surgery, postoperative carcinoembryonic antigen (<5
vs =5), grade of tumor differentiation (undifferentiated or poorly differentiated vs well or moderately differentiated),

and treatment arm. Grades for performance status and

depth of invasion are explained in the footnotes to Table 1.

(Reprinted) JAMA, June 4, 2008—Vol 299, No. 21 2519
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P=.19, respectively). In addition, the
effect of family history appeared stron-
ger when the primary tumor was located
in the right colon (cecum to splenic flex-
ure) relative to the left colon (splenic

flexure to the rectosigmoid junction).
Among patients with tumors located in
the right colon, the adjusted HR for DFS
in patients with a family history was 0.61
(95% CI, 0.41-0.90) compared with

]
Figure 3. Disease-Free Survival According to Number of Family Members With History of
Colorectal Cancer

©
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Family members with
colorectal cancer
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No. of events
Family members with
colorectal cancer
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Table 3. Unadjusted and Multivariate Adjusted Hazard Ratios for Disease-Free Survival and
Overall Survival According to Number of Family Members With Colorectal Cancer

No. of Family Members With Colorectal Cancer

1
P Value

0 1 =2 for Trend
Cancer recurrence or death from
any cause (disease-free survival)
No. of events 343 50 7
No. at risk 892 165 30

Unadjusted HR (95% ClI)
Adjusted HR (95% CI)2

Cancer recurrence
(recurrence-free survival)
No. of events

1 [Reference]
1 [Reference]

0.75 (0.56-1.01)
0.77 (0.57-1.04)

0.51(0.24-1.09)
0.49 (0.23-1.04) .01

316 46 6
892 165 30
1 [Reference]  0.75(0.55-1.02) 0.49 (0.22-1.09)
1 [Reference]  0.79(0.58-1.08) 0.49 (0.22-1.11) .03

No. at risk
Unadjusted HR (95% Cl)
Adjusted HR (95% Cl)2

Overall mortality
No. of events

247 36 7
892 165 30
1 [Reference]  0.75 (0.53-1.06) 0.74 (0.35-1.58)
1 [Reference]  0.77 (0.54-1.10) 0.65 (0.30-1.40) .09

No. at risk
Unadjusted HR (95% ClI)
Adjusted HR (95% CI)&

Abbreviations: Cl, confidence interval; HR, hazard ratio.

aMultivariate HRs and 95% Cls are adjusted for age (years), sex, race, performance status (0 vs 1-2), depth of invasion (T1
and T2 vs T3 and T4), number of positive lymph nodes (1-3 vs 4 or more), presence of clinical perforation at the time of
surgery, presence of bowel obstruction at the time of surgery, postoperative carcinoembryonic antigen (<5 vs =5), grade
of tumor differentiation (undifferentiated or poorly differentiated vs well or moderately differentiated), and treatment arm.
Grades for performance status and depth of invasion are explained in the footnotes to Table 1.
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those without a family history of colo-
rectal cancer. Among patients with
tumors located in the left colon, the
adjusted HR for DESwas 1.01 (95% ClI,
0.65-1.56). For patients with right-
sided tumors, cancer recurrence or
death occurred in 32 of 115 patients
(28%; 95% CI, 20%-37%) and 195 of
486 patients (40%; 95% CI, 36%-45%)
with and without a family history,
respectively. For patients with left-
sided tumors, cancer recurrence or
death occurred in 25 of 75 patients
(33%; 95% CI, 24%-45%) and 138 of
385 patients (36%; 95% CI, 31%-41%)
with and without a family history,
respectively. Nonetheless, a test of inter-
action between the site of the primary
tumor and the presence of a family his-
tory did not reach statistical signifi-
cance (P=.16).

We also examined whether family
history modified the effect of adjuvant
chemotherapy assignment on DFS.
Among patients with a family history
of colorectal cancer, those random-
ized to receive irinotecan, fluoroura-
cil, and leucovorin had an adjusted HR
for cancer recurrence or death of 1.07
(95% CI, 0.60-1.92) when compared
with those who received fluorouracil
and leucovorin. Similarly, among pa-
tients without a family history of colo-
rectal cancer, the adjusted HR of death
or recurrence for patients treated with
irinotecan, fluorouracil, and leucovo-
rin was 1.02 (95% CI, 0.83-1.27) com-
pared with those who received fluoro-
uracil and leucovorin. For patients with
a family history of colorectal cancer,
cancer recurrence or death occurred in
27 of 93 patients (29%; 95% CI, 21%-
39%) randomized to receive irinote-
can, fluorouracil, and leucovorin and
30 of 102 patients (29%; 95% CI, 21%-
39%) randomized to receive fluoroura-
cil and leucovorin. For patients with-
out a family history of colorectal cancer,
cancer recurrence or death occurred in
177 of 446 patients (40%; 95% CI, 35%-
44%) randomized to receive irinote-
can, fluorouracil, and leucovorin and
166 of 446 patients (37%; 95% CI, 33%-
42%) randomized to receive fluoroura-
cil and leucovorin.
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Finally, we considered the possibil-
ity that the association between family
history and improvement in DFS
might be related to MSI status. Infor-
mation regarding MSI status, as deter-
mined by genotyping, was available
for 739 patients; information regard-
ing immunostaining for the DNA
MMR proteins MLH1 and MSH2 was
available for 667 patients. The preva-
lence of MSI-H tumors was 24%
(30/125; 95% CI, 17%-32%) and 15%
(95/614; 95% CI, 13%-19%) among
patients with and without a family
history of colorectal cancer, respec-
tively. The prevalence of tumors with
deficient staining for MMR proteins
was 21% (24/115; 95% CI, 14%-29%)
and 11% (63/552; 95% CI, 9%-14%)
among patients with and without a
family history of colorectal cancer,
respectively. Results remained largely
unchanged after adjustment for
MSI status: the adjusted HR for DFS
was 0.73 (95% CI, 0.55-0.97) among
patients with a family history of colo-
rectal cancer compared with those
without a family history. Similarly,
the adjusted HR for DFS was 0.73
(95% CI, 0.55-0.97) among patients
with a family history of colorectal
cancer compared with those without a
family history after adjusting for
MMR status. Furthermore, the effect
of family history on DFS did not
appear to be modified by either MSI
or MMR status (P for interaction=.51
and .45, respectively).

COMMENT

In a cohort of patients with stage I1I co-
lon cancer treated with surgery and ad-
juvant chemotherapy, a history of co-
lorectal cancer in a first-degree relative
was associated with a significant reduc-
tion in cancer recurrence and mortal-
ity. Moreover, the apparent benefit as-
sociated with family history increased
significantly with an increasing num-
ber of affected first-degree relatives, and
the effect of family history appeared to
be independent of tumoral MSI or DNA
MMR status.

Numerous studies have demon-
strated that family history of colorectal
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]
Figure 4. Stratified Analysis of Disease-Free Survival (Comparison of Patients With a Family

History of Colorectal Cancer With Those With

out a Family History)

No. of Events/No. at Risk

No Family
History
Overall 343/892
Sex
Women 141/404
Men 202/488
Age, y
<50 61/172
>50 282/720
Performance status
0 238/658
1-2 96/214
No. of positive lymph nodes
1-3 179/553
>4 156/321
Treatment group
Irinotecan, fluorouracil, and leucovorin 177/446
Fluorouracil and leucovorin 166/446
Tumor location
Right colon 195/486
Left colon 138/385

Family

History

57/195 ——

22/76 —_——

35/119 —a—

14/40 —_—.—

43/155 ——

40/139 —

17/51 —

31/124 ———

26/66 —

27/93 ——

30/102 ——

32/115 ——

25/75 —a—
" — T 1
0.3 0.5 1.0 3

Hazard Ratio (95% Confidence Interval)

A performance status of O indicates the patient was
but ambulatory and able to carry out light work; and

fully active; 1, restricted in physically strenuous activity
2, ambulatory and capable of all self-care but unable to

carry out any work activities and up and about more than 50% of waking hours.

cancer increases the risk of developing
colorectal cancer.?””> However, few
studies have examined the influence of
family history of colorectal cancer on
subsequent outcomes in patients with
established cancer. Our findings are
consistent with reports from a large
registry of Japanese patients, which
demonstrated improved 5-year sur-
vival among patients with colorectal
cancer with a family history of the dis-
ease.” In contrast, Slattery and Kerber®
found no overall effect of family his-
tory on survival of patients with colon
cancer. However, the latter study was
based on patients identified through a
Utah cancer registry and had limited
information on treatment, follow-up
care, disease stage, and other prognos-
tic factors.

Our study has several strengths be-
cause it is based on patients enrolled in
an NCl-sponsored clinical trial. First,
all patients had lymph node—positive
cancer, reducing the impact of hetero-
geneity by disease stage. Second, treat-
ment and follow-up care were stan-
dardized, and the date and nature of

recurrence were recorded prospec-
tively. Finally, extensive and detailed
information on other prognostic fac-
tors was routinely collected.

Several limitations of this study de-
serve comment. First, because we re-
lied on self-reported family history, mis-
classification of family history status
may be possible. However, prior stud-
ies have demonstrated such data to be
reliable.'” Moreover, because the data
on family history were collected at study
baseline before cancer recurrence, any
errors in recall would have attenuated
rather than exaggerated a true associa-
tion with patient outcome.

Additionally, we did not collect in-
formation regarding number of sib-
lings, and the likelihood of having a
family history of the disease may vary
according to the number of siblings at
risk for the disease. However, it is un-
likely that family size independently af-
fects survival. Moreover, less detailed
information of kindred size is likely
nondifferential and would only bias our
results toward finding no association
between family history and survival.
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Our analysis sought to assess the in-
fluence of family history beyond the rare,
well-characterized hereditary colorec-
tal cancer syndromes of familial adeno-
matous polyposis (FAP) or hereditary
nonpolyposis colorectal cancer (HN-
PCC). Beyond obtaining data on colo-
rectal cancer in first-degree family mem-
bers, our trial did not specifically elicit
information about the presence of FAP
or HNPCC; nonetheless, fewer than 5%
of colorectal cancer cases are attribut-
able to these syndromes. Numerous
studies demonstrate that a common (ie,
nonsyndromic) family history of colo-
rectal cancer significantly increases the
risk of developing colorectal cancer, and
the current analysis suggests that the
presence of a common (ie, nonsyn-
dromic) family history is significantly as-
sociated with an improved cancer sur-
vival. Although we cannot exclude the
possibility that patients with multiple af-
fected relatives in our trial may have in-
cluded some patients with FAP or
HNPCC, the vast majority of patients re-
porting a family history of colorectal can-
cer in this study were likely to have an
undefined or sporadic familial predis-
position toward developing colorectal
cancer. Moreover, even among pa-
tients with only 1 affected relative, we
observed a 25% reduction in cancer-
specific and overall mortality.

We cannot completely exclude the
possibility that patients with a family his-
tory may experience an improved prog-
nosis due to earlier detection of malig-
nancy. However, the effect of family
history persisted after adjusting for other
patient and disease characteristics asso-
ciated with cancer recurrence or sur-
vival. Additionally, because patients were
entered into a clinical trial that was re-
stricted to stage III cancer, pathologic
stage, administration of adjuvant
therapy, and follow-up care were rea-
sonably uniform among all partici-
pants. Moreover, the benefit associated
with family history remained largely un-
changed across the number of positive
lymph nodes as well as baseline perfor-
mance status. Although the effect of fam-
ily history appeared to be modified by
patient age, sex, and tumor location, tests
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for interaction were not significant, pos-
sibly because of limited statistical power.
Further investigation to explore the re-
lationship between family history and
these factors is required.

Finally, because our study was based
on a well-defined cohort enrolled in a
clinical trial, our results may not be gen-
eralizable to a larger population of pa-
tients with colon cancer. However, the
rate of family history in this cohort is
similar to the general population of pa-
tients with colon cancer, and there is
no evidence that family history appre-
ciably varies according to participa-
tion in a clinical trial.

Studies suggest the importance of ge-
netic contributions to the develop-
ment of familial colorectal can-
cers.'®2° However, the relationship
between family history and outcome is
likely to be complex and may be influ-
enced by a confluence of genetic and
environmental factors. We considered
whether shared environmental or life-
style factors might contribute to our
findings but found no significant dif-
ference in smoking, median house-
hold income, body mass index, diet, and
physical activity patterns between pa-
tients with and without a family his-
tory of colorectal cancer (Table 1).

Beyond rare, well-characterized he-
reditary colorectal cancer syndromes (eg,
FAP or HNPCC), our data support the
hypothesis that a relatively common
though less penetrant genetic predispo-
sition may not only influence colorec-
tal cancer risk but also patient survival.
This finding may reflect a distinct un-
derlying molecular and pathogenic
mechanism in cancers that develop in
the setting of a common (ie, sporadic)
family history. For example, data sug-
gest that family history of colorectal can-
cer is associated with tumors with a
higher frequency of microsatellite in-
stability (MSI-H),*** which may be as-
sociated with improved prognosis com-
pared with microsatellite stable
tumors.”*?*" Consistent with the obser-
vation that MSI-H tumors are more com-
mon in the right colon,'*® the benefi-
cial effect of family history in the current
study appeared greater among patients

with right-sided colon cancer. How-
ever, our results remained largely un-
changed after adjustment for MSI or
MMR status, and we found no signifi-
cant interaction between family his-
tory and MSI or MMR status. This sug-
gests that the association between a
sporadic (ie, nonsyndromic) family his-
tory and reduction in risk of cancer re-
currence or death may be independent
of MSI or MMR status. Nonetheless, fam-
ily history may influence cancer prog-
nosis through other pathways. Further
studies are needed to more fully eluci-
date potential mechanisms by which a
common family history may influence
the outcome for patients with colorec-
tal cancer.
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