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Introduction
Colorectal cancer is the third most common cancer and the second
most common cause of cancer death worldwide with more than 1.8
million newly diagnosed cases and 880,000 deaths in 2018 (1). Diagnosis of the cancer at an early stage has been shown to be associated
with better survival (2), and screening by measurement of blood in
stool as well as colonoscopy or sigmoidoscopy have been reported to be
effective in reducing colorectal cancer mortality (3, 4). However,
although colonoscopy is the gold standard for the detection of
colorectal cancer and precursor lesions, it is also a costly and invasive
procedure (5). The less invasive blood-in-stool test is often impaired by
the quality of the self-sampled specimen (6). Moreover, the current
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Results: Overall, 5% of controls and 7% of cases were
seropositive to p53, resulting in a statistically signiﬁcant 33%
increased colorectal cancer risk [odds ratio (OR), 1.33; 95%
conﬁdence interval (CI), 1.09–1.61]. By follow-up time, the
association was only signiﬁcant with colorectal cancer diagnoses
within 4 years after blood draw (OR, 2.27; 95% CI, 1.62–3.19), but
not thereafter (OR, 0.97; 95% CI, 0.76–1.24).
Conclusions: In this large consortium of prospective cohorts, we
found that prediagnostic seropositivity to tumor suppressor p53 was
signiﬁcantly associated with an over 2-fold increased odds of
developing colorectal cancer within 4 years after blood draw.
Impact: Our ﬁnding suggests that p53 seropositivity may not be a
useful predictor of long-term colorectal cancer risk; however, it
might be considered as a marker to aid in the early diagnosis of
colorectal cancer.
best performing assay for testing blood in stool (fecal immunochemical
testing) still has limited sensitivity in detecting high-risk precancerous
lesions, that is, advanced adenomas (7, 8). Thus, there is an ongoing
search for new biomarkers that may identify individuals at risk of
developing colorectal cancer, ideally in easily obtainable samples, such
as blood.
It is well known that a subset of patients with colorectal cancer
present with auto-antibodies directed against the tumor suppressor
p53 (9). Missense mutations in the TP53 gene lead to a loss of function
of the protein and accumulation of the protein in the cancer cells to
which 20%–40% of patients develop antibodies (9, 10). Various case–
control studies have addressed the diagnostic performance of p53
auto-antibodies in detecting prevalent colorectal cancer and a recent
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Background: Auto-antibodies to tumor suppressor p53 are
found in a subset of patients with colorectal cancer. A recent
prospective study in the United States has reported a signiﬁcant
1.8-fold increased odds for colorectal cancer development with
prediagnostic seropositivity to p53. In this study, we sought to
examine this association in a U.S. colorectal cancer cohort consortium to evaluate the potential utility of p53 auto-antibodies as an
early biomarker for colorectal cancer.
Methods: Auto-antibodies to p53 were measured in prediagnostic blood samples of 3,702 incident colorectal cancer cases
and 3,702 controls, matched by age, race, and sex, from 9 U.S.
prospective cohorts. The association of seropositivity to p53
with colorectal cancer risk, overall and by time between blood
draw and diagnosis, was determined by conditional logistic
regression.
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Materials and Methods
Study population
This study was conducted within a colorectal cancer cohort consortium designed as described previously (14). Brieﬂy, the overall
consortium included 4,063 prospectively ascertained colorectal cancer
cases (C180-189, C100, and C209, International Classiﬁcation of
Diseases for Oncology, 3rd edition) and 1:1 matched controls nested
within 10 U.S. cohort studies: Campaign Against Cancer and Stroke
(CLUE), Cancer Prevention Study II (CPSII), Health Professionals
Follow-up Study (HPFS), Multiethnic Cohort Study (MEC), Nurses’
Health Study (NHS), NYU Women’s Health Study (NYUWHS),
Physician’s Health Study (PHS), Prostate, Lung, Colorectal, and
Ovarian Screening Study (PLCO), Southern Community Cohort Study
(SCCS), and Women’s Health Initiative (WHI). Controls were selected
using incidence density sampling based on age at diagnosis and date of
blood draw. Within each cohort, one control was chosen at random for
each colorectal cancer case from the appropriate risk sets consisting of
all cohort members who were alive and free of cancer (except nonmelanoma skin cancer) at the time of diagnosis of the index case and
had provided blood specimens. Matching criteria included sex, race,
and date of birth. Because the association of p53 seropositivity and
colorectal cancer has already been assessed in the CPSII study (13), we
excluded samples from CPSII for this analysis, resulting in a total
number of serum samples and sociodemographic data for 3,702
colorectal cancer cases and 3,702 controls. The median time between
blood draw and diagnosis for cases was 7 years (range 0–40 years).
p53 Serology
Antibody responses to p53 were measured as part of a larger panel of
antigens, including bacterial and viral proteins, using multiplex serology as described previously (13–16). Brieﬂy, full-length p53 (NCBI
accession number: NM_000546) was recombinantly expressed as
GST-tag fusion protein in Escherichia coli BL21 Rosetta (NovagenMerck) and afﬁnity puriﬁed on ﬂuorescently labeled glutathionecoupled beads (Luminex Corp). Distinctly labeled bead types, each
carrying a different antigen, were mixed and incubated with serum
(diluted 1:1,000). Serum antibodies bound to the antigens were
detected using a biotin-labeled secondary antibody (IgA/IgM/IgG)
and subsequent incubation with the reporter ﬂuorescent streptavidin-
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R-phycoerythrin. A Luminex 200 analyzer (Luminex Corp.) then
distinguished between the bead type and, consequently, the bound
antigen as well as quantiﬁed the amount of bound serum antibody.
Individuals with a median ﬂuorescence intensity of 200 or more
against p53 were deﬁned as p53 seropositive (13). All personnel
performing the serology assay were blinded for case–control status
of the samples and all samples were analyzed in one batch to avoid
potential batch-to-batch effects.
Statistical analysis
Differences in baseline sociodemographic factors between cases and
controls, as well as between p53 seronegative and -positive controls,
were assessed using x2test for categorical variables and Wilcoxon ranksum test for continuous variables.
Conditional logistic regression was used to determine OR and 95%
conﬁdence intervals (CI) for the association of seropositivity to p53
with the odds of developing colorectal cancer. The analysis was
performed in the overall sample set, as well as by time between blood
draw and diagnosis in 2-year increments. On the basis of these
ﬁndings, we then divided time between blood draw and diagnosis in
two categories (as <4 years or ≥4 years) to summarize the results. Apart
from the matching variables age at blood draw, sex, and race/ethnicity,
we assessed the effect of a priori determined potential confounders,
including body mass index (BMI), smoking, education, a history of
colonoscopy or sigmoidoscopy, and a family history of colorectal
cancer. None of these variables changed the main OR by more than
10% and we therefore present the results from a conditional logistic
model, with matched case–control sets as the strata, without further
adjustment in the model.
In a subgroup analysis, we assessed the association of p53
seropositivity with odds of developing colorectal cancer by cancer
site, stage, and age at diagnosis in cases diagnosed within 4 years after
blood draw and their matched controls using conditional logistic
regression models. We also assessed whether the association varied
by study, sex, and race/ethnicity by applying a multiplicative interaction term for the respective variable with p53 seropositivity. Finally, we
assessed the inclusion of data on a previous colonoscopy/sigmoidoscopy (available for n ¼ 807 controls and n ¼ 809 cases) on the
association of p53 seropositivity with colorectal cancer using an
unconditional logistic regression model with adjustment for: age, sex,
race/ethnicity; stratiﬁcation by study; and the addition of a multiplicative interaction term.
All statistical analyses were performed using SAS 9.4 (SAS Institute).

Results
Baseline characteristics
At baseline, colorectal cancer cases compared with controls were
more frequently obese (BMI ≥30 kg/m2; 27% and 22%, respectively),
more likely to have a family history of colorectal cancer (16%
and 13%, respectively), and less likely to have undergone a colonoscopy or sigmoidoscopy prior to study recruitment (43% and
46%, respectively; Table 1).
P53 seroprevalence among controls varied by study, ranging from
the highest in the SCCS (10%) to the lowest in WHI (2%). It was higher
in males (7%) than females (4%) and in non-whites (8%10%) than
whites (4%; Table 2).
Association of p53 seropositivity with colorectal cancer risk
Seven percent of all colorectal cancer cases (n ¼ 242) were p53
seropositive compared with 5% of controls (n ¼ 185), resulting in a
33% increased odds of developing colorectal cancer in the overall
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meta-analysis reported a pooled sensitivity of 19% and speciﬁcity of
93% (11). There is, however, only very little information available that
addresses how long before diagnosis the association between p53 autoantibodies and colorectal cancer can be observed and, thus, whether
p53 serology might aid in identifying patients with colorectal cancer at
an early or even premalignant state. Pedersen and colleagues, 2013,
tested prediagnostic serial samples from 97 women who developed
colorectal cancer and compared these with samples from 97 controls
and found auto-antibodies to p53 peptides in 26% of the cases
compared with 5% of controls up to 4 years prior to cancer diagnosis (12). A larger, prospective study by Teras and colleagues, 2018,
including 392 colorectal cancer cases and 784 controls reported that
p53 seropositivity was associated with an overall statistically signiﬁcant 1.8-fold increased risk for a subsequent colorectal cancer diagnosis and a 2.3-fold increased risk when the analyzed blood sample
was drawn within 3 years before colorectal cancer diagnosis (13).
In this study, we sought to assess and potentially validate previous
ﬁndings on the association of p53 auto-antibodies with the odds of
developing colorectal cancer, by time from blood draw to diagnosis, in
a consortium of 9 prospective cohort studies in the United States.

p53 Auto-antibodies and Colorectal Cancer Risk

Table 1. Sociodemographic factors in colorectal cancer cases and
controls.

Variable

Total
Controls
Cases
(n ¼ 7,404) (n ¼ 3,702) (n ¼ 3,702)
491 (13)
151 (4)
755 (20)
288 (8)
286 (8)
180 (5)
620 (17)
126 (3)
805 (22)

491 (13)
151 (4)
755 (20)
288 (8)
286 (8)
180 (5)
620 (17)
126 (3)
805 (22)

63 (18–88)

64 (18–89)

2,372 (64)
1,330 (36)

2,372 (64)
1,330 (36)

2,711 (73)
396 (11)
306 (8)
211 (6)
78 (2)

2,711 (73)
396 (11)
306 (8)
211 (6)
78 (2)

458 (13)
750 (20)
157 (4)

492 (14)
765 (21)
147 (4)

748 (20)
682 (19)
865 (24)

744 (20)
648 (18)
842 (23)

2,470 (78)
701 (22)

2,300 (73)
863 (27)

1,685 (46)
1,439 (39)
536 (15)

1,618 (44)
1,544 (42)
484 (14)

1,453 (54)
1,252 (46)

1,550 (57)
1,152 (43)

2,329 (87)
356 (13)

2,229 (84)
438 (16)

Abbreviations: GED, general educational development test; HS, high school.

consortium (OR, 1.33; 95% CI, 1.09–1.61). Analysis of the association by time between blood draw and diagnosis showed that p53
seroprevalence remained fairly stable in controls over time, varying
between 3% and 6% (average 5%). In colorectal cancer cases,
however, p53 seroprevalence was highest (15%) in those with a
colorectal cancer diagnosis within 2 years and lowest (3%) in those
with a colorectal cancer diagnosis 14 or more years after blood draw
(Fig. 1A). The association of p53 seropositivity with odds of
developing colorectal cancer was statistically signiﬁcant only in the
subgroups diagnosed within less than 2 years (OR, 2.73; 95%
CI, 1.67–4.45) and between 2 and 4 years (OR, 1.89; 95% CI,
1.17-3.03) after blood draw (Fig. 1B). Combining these two
time-interval categories, the OR for developing colorectal cancer
within 4 years after blood draw associated with p53 seropositivity
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Table 2. Variables associated with p53 seropositivity among
controls.

Variable

Total
n

p53
negative

Study, n (%)
CLUE
491
477 (97)
HPFS
151
138 (91)
MEC
755
688 (91)
NHS
288
273 (95)
NYUWHS
286
274 (96)
PHS
180
171 (95)
PLCO
620
597 (96)
SCCS
126
114 (90)
WHI
805
785 (98)
Age at blood draw, years
Median (range)
3,702
63 (18–88)
Sex, n (%)
Female
2,372
2,281 (96)
Male
1,330
1,236 (93)
Race/ethnicity, n (%)
White
2,711
2,615 (96)
African American
396
362 (91)
Asian American
306
274 (90)
Latino
211
195 (92)
Other/unknown/multiracial
78
71 (91)
Education, n (%)
Less than HS
458
438 (96)
Completed HS or GED
750
712 (95)
Post HS training other than
157
151 (96)
college
Some college
748
711 (95)
College graduate
682
640 (94)
Graduate school
865
824 (95)
BMI (kg/m2), n (%)
<30
2,470
2,335 (95)
≥30
701
667 (95)
Smoking, n (%)
Never
1,685
1,607 (95)
Former
1,439
1,363 (95)
Current
536
507 (95)
History of colonoscopy/sigmoidoscopy, n (%)
No
1,453
1,385 (95)
Yes
1,252
1,172 (94)
Family history of colorectal cancer, n (%)
No
2,329
2,211 (95)
Yes
356
333 (94)

p53
positive

14 (3)
13 (9)
67 (9)
15 (5)
12 (4)
9 (5)
23 (4)
12 (10)
20 (2)
65 (29–87)
91 (4)
94 (7)
96 (4)
34 (9)
32 (10)
16 (8)
7 (9)
20 (4)
38 (5)
6 (4)
37 (5)
42 (6)
41 (5)
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Study, n (%)
CLUE
982 (13)
HPFS
302 (4)
MEC
1,510 (20)
NHS
576 (8)
NYUWHS
572 (8)
PHS
360 (5)
PLCO
1,240 (17)
SCCS
252 (3)
WHI
1,610 (22)
Age at blood draw, years
Median (range)
63 (18–89)
Sex, n (%)
Female
4,744 (64)
Male
2,660 (36)
Race/ethnicity, n (%)
White
5,422 (73)
African American
792 (11)
Asian American
612 (8)
Latino
422 (6)
Other/unknown/multiracial
156 (2)
Education, n (%)
Less than HS
950 (13)
Completed HS or GED
1,515 (21)
Post HS training other than
304 (4)
college
Some college
1,492 (20)
College graduate
1,330 (18)
Graduate school
1,707 (23)
BMI (kg/m2), n (%)
<30
4,770 (75)
≥30
1,564 (25)
Smoking, n (%)
Never
3,303 (45)
Former
2,983 (41)
Current
1,030 (14)
Ever had colonoscopy/sigmoidoscopy, n (%)
No
3,003 (56)
Yes
2,404 (44)
Family history of colorectal cancer, n (%)
No
4,558 (85)
yes
794 (15)

was 2.27 (95% CI, 1.62–3.19). For any longer period between
blood draw and diagnosis, there was no statistically signiﬁcant
association between p53 seropositivity and odds of developing
colorectal cancer (Fig. 1B; OR for colorectal cancer diagnosis more
than 4 years after blood draw: 0.97; 95% CI, 0.76–1.24).
Analysis by case characteristics, including site, stage, and age at
diagnosis, as well as by demographic factors of study, sex, and race, did
not identify a speciﬁc group of colorectal cancer cases that was
particularly strongly associated with baseline p53 seropositivity
(Table 3; Supplementary Table S1). Moreover, stratiﬁcation by screening history of colonoscopy or sigmoidoscopy had no statistically
signiﬁcant effect on the association of p53 seropositivity and odds
of developing colorectal cancer within 4 years after blood draw (no
screening history: OR, 2.44; 95% CI, 1.46–4.10; history of screening:

135 (5)
34 (5)
78 (5)
76 (5)
29 (5)
68 (5)
80 (6)
118 (5)
23 (6)

Abbreviations: GED, general educational development test; HS, high school.
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Figure 1.
p53 seroprevalence and association with colorectal
cancer risk by time interval between blood draw and
diagnosis. A, The p53 seroprevalence in colorectal
cancer cases and controls. B, The association of p53
seropositivity with colorectal cancer risk, both in 2-year
increments of time interval between blood draw and
diagnosis. Controls are matched to cases by study, age,
sex, and race/ethnicity. OR (diamond) and 95% CI
(whiskers) in B were estimated by conditional logistic
regression without further adjustment, the horizontal
line at an OR of 1 serves as a reference for null
association.

Discussion
In this large colorectal cancer cohort consortium, we found that
auto-antibodies to the tumor suppressor p53 were statistically significantly associated with an over 2-fold increased odds of developing
colorectal cancer within 4 years after the analyzed blood sample was
drawn. There was no association of p53 auto-antibodies with colorectal
cancer when colorectal cancer was diagnosed 4 or more years after
blood draw.

Our study is concordant with previously published studies to the
extent that the observed association of p53 auto-antibodies with
colorectal cancer is limited to a relatively short time period prior to
colorectal cancer diagnosis. Pedersen and colleagues, 2013, reported
seroconversion to p53 in longitudinal samples as early as 4 years
and on average 2 years prior to colorectal cancer diagnosis (12).
Teras and colleagues analyzed their prospective study in time
intervals of <3, 3 to <6, and ≥6 years between blood draw and
diagnosis. P53 seropositivity was found to be statistically signiﬁcantly associated with an increased 2.3-fold colorectal cancer risk
only within the shortest time interval of <3 years (13). With our
larger numbers, we were able to analyze our consortium data in

Table 3. p53 seropositivity association with risk of developing colorectal cancer within less than 4 years after blood draw, by case
characteristics.

Diagnosed within <4 years after
blood draw
By site
Right colon
Left colon
Rectum
By stage
I/II
III/IV
By age at diagnosis
≤65
66–75
>75

N controls/
cases

p53 seropositive
controls, n (%)

p53 seropositive
cases, n (%)

ORa

95% CI

944/944

55 (6)

116 (12)

2.27

1.62–3.19

443/443
268/268
157/157

21 (5)
19 (7)
11 (7)

46 (10)
34 (13)
28 (18)

2.47
1.83
2.89

1.41–4.34
1.03–3.26
1.35–6.17

395/395
274/274

22 (6)
23 (8)

44 (11)
41 (15)

2.05
1.90

1.22–3.45
1.11–3.27

339/339
391/391
214/214

19 (6)
23 (6)
13 (6)

46 (14)
35 (9)
35 (16)

2.69
1.57
3.00

1.51–4.77
0.91–2.72
1.52–5.94

Conditional logistic regression, adjusted for the matching factors only. A P value <0.05 was considered statistically signiﬁcant (marked in bold font).

a
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OR, 2.08; 95% CI, 1.26–3.43, Pinteraction ¼ 0.496; Supplementary
Table S1).
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and/or race. It has been shown that sex and race inﬂuence the immune
response elicited by an individual (23), which could also relate to
differences in the adaptive immune response against auto-antigens.
This hypothesis needs to be further elucidated and should be considered when attempting to implement antibody markers in cancer
screening. As mentioned above controls selected by the majority of
cohorts in this consortium potentially developed cancer after diagnosis of the index case. In four cohorts, however, (WHI, PHS,
NYUWHS, and SCCS) controls were selected as supercontrols, in
that they did not develop cancer within the follow-up of the study.
This, in turn, may introduce a bias that leads to an overestimation of
our results. A sensitivity analysis excluding these cohorts showed
that the results did not differ: overall 8% of cases were p53
seropositive compared with 6% of controls (OR, 1.38; 95% CI,
1.10–1.74); within 4 years after blood draw 15% of cases were
seropositive versus 7% controls (OR, 2.20; 95% CI, 1.51–3.20). This
suggests that selection of supercontrols in some of the cohorts did
not overestimate our ﬁndings. Major strengths of our study, however, are the large sample size; data on stage, tumor site, and age at
diagnosis for the majority of cases; and evidence that the association
was present across all categories of case characteristics. We moreover showed that a prior colonoscopy or sigmoidoscopy did not
modify the association of p53 seropositivity with odds of developing
colorectal cancer. However, we lacked information on the time since
the last colorectal cancer screening for the majority of study
participants and were thus unable to perform a more detailed
analysis of screening.
In conclusion, this study provides evidence that auto-antibodies
directed against p53 are associated with increased odds of developing colorectal cancer but only for a subset of cancer cases and
within a short time period before diagnosis. Thus, auto-antibodies
to p53 may not be a useful predictor of long-term colorectal cancer
risk, but could be considered within a marker panel for the early
detection of colorectal cancer.
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shorter time intervals (2-year increments) between blood draw
and diagnosis. We replicated the ﬁndings of the two previous
studies in that the association of p53 seropositivity with colorectal
cancer risk is particularly strong the shorter the interval between
blood draw and diagnosis, with a 2.7-fold and 1.9-fold increased
risk with a diagnosis within 2 years and between 2 and 4 years
after blood draw, respectively. Expression of mutated p53 is hypothesized to be a late event in colorectal carcinogenesis, most likely at
the transition from adenoma to cancer (17–19), which would
explain the absence of association of colorectal cancer risk with
auto-antibodies to p53 in blood samples drawn with a longer time
interval before diagnosis. This is further supported by a study that
assessed p53 seroprevalence in nonadvanced and advanced adenoma cases and did not ﬁnd associations (20). Thus, p53 serology is
unlikely to be applied as a biomarker for precancerous lesions.
The potential diagnostic performance of p53 auto-antibodies in
detecting colorectal cancer is further limited because of the low
prevalence in colorectal cancer cases. A recent meta-analysis reported
a pooled seroprevalence of 19% among cases and 7% among controls
in 11 case–control studies (11). The p53 seroprevalence in our study
is in line with these ﬁndings with 15% within 2 years prior to diagnosis
and only 10% for 2 to 4 years prior to diagnosis, while on average 5% of
controls were seropositive. Teras and colleagues, using the same
methodology to measure auto-antibodies to p53, reported a similar
seroprevalence of 13% in cases that were diagnosed within 3 years
after blood draw (13). Pedersen and colleagues, however, analyzed
their study using an array of p53 15-mer peptides and reported a
seroprevalence of 26% among cases and 5% among controls with the
best performing peptides (12). Thus, modiﬁcation of the p53 antigen
might lead to higher seroprevalences among cases. Previous literature
has also discussed the inclusion of p53 into a panel of auto-antigens.
Werner and colleagues, for example, combined p53 with carcinoembryonic antigen, osteopontin, seprase, and ferritin and
detected 50% of colonoscopy-conﬁrmed colorectal cancer cases
compared with 10% of conﬁrmed healthy controls. (21). A systematic review by Chen and colleagues, showed marker panels including p53 that detected up to 88% of colorectal cancer cases; however,
as the authors concluded, these panels warrant further validation in
screening settings to assess noninferiority to gold-standard screening (22). In addition, auto-antibodies to p53 have been found with
other cancers besides those of the colorectum, for example in
individuals with breast, lung, and gastric cancer, as well as ovarian
cancer and others (9); incorporating other auto-antigens could
increase speciﬁcity to detect certain cancers.
A limitation of our study is the lack of knowledge of the underlying
reasons for auto-antibodies to p53 in our control population. We
observed differences in seroprevalence varying between 2% and 10%
by sex, race/ethnicity, and concordantly by study, which could suggest prevalent cancers in our control population, biasing the OR
toward the null. The highest seroprevalence was observed in the SCCS
(10%), HPFS (9%), and MEC (9%). MEC and HPFS did not exclude
controls who had a cancer diagnosis (except colorectal cancer) after
diagnosis of the index case. As pointed out above, other cancers have
been described to be associated with auto-antibodies to p53 (9), which
could explain the presence of p53 seropositivity in a proportion of
controls. However, for example, in the MEC, only 6 of the 67 p53
seropositive controls were linked to a cancer diagnosis after diagnosis
of the index case. This does not explain the substantially higher
number of p53 seropositives compared with other studies. Another
explanation could be differences in the level of immune response by sex
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