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Abstract

Background The clinical impact of monitoring serum p53 antibodies, carbohydrate antigen19-9, and carcinoembryonic
antigen in patients with colorectal cancer has not been fully evaluated.

Methods A total of 420 surgically treated stage II/III colorectal cancer patients were retrospectively analyzed. Among
them, 101 patients developed disease recurrence. The prognostic impact of preoperative and recurrence levels of serum p53
antibodies, carbohydrate antigen19-9, and carcinoembryonic antigen status was evaluated.

Results Although preoperative carcinoembryonic antigen- and carbohydrate antigen19-9-positive status was significantly
associated with recurrence, preoperative serum p53 antibody levels were not. Among two marker combinations, carcinoem-
bryonic antigen + serum p53 antibodies showed the highest positive rate at recurrence. Although carcinoembryonic antigen
and carbohydrate antigen19-9 frequently converted from preoperative-negative status to positive status at recurrence, serum
p53 antibodies converted to positive status in only one patient. Carcinoembryonic antigen- and carbohydrate antigen19-
9-positive status were significant prognostic factors for overall survival after recurrence, but the presence of serum p53
antibodies at recurrence was not.

Conclusions Postoperative serum p53 antibody status should only be followed in patients with preoperative-positive status.
Carcinoembryonic antigen and carbohydrate antigen19-9 should be followed even in preoperative-negative patients. Unlike
carcinoembryonic antigen- and carbohydrate antigen19-9-positive status, serum p53 antibody-positive status as recurrence
was not a poor prognostic indicator.
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Abbreviations Introduction

CEA Carcinoembryonic antigen

CA19-9 Carbohydrate antigen 19-9 Carcinoembryonic antigen (CEA) and carbohydrate anti-
s-p53-Abs  Serum p53 antibodies gen 19-9 (CA19-9) are standard serum markers for colo-

rectal cancer [1, 2]. Recently, a serum autoantibody for p53

(s-p53-Abs) has also been suggested as a useful marker for

colorectal cancer [3-7]. The reported s-p53-Abs-positive rate

in patients with colorectal cancer is 22-34%. Screening for

s-p53-Abs in combination with CEA and CA19-9 yields a
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improve early diagnosis [5-7].
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Table 1 Clinicopathological features of patients with or without
recurrence of colorectal cancer

Table 2 Clinicopathological features of 101 patients with recurrent
colorectal cancer positive or negative for serum p53 antibodies

Without recur- With p value* s-p53-Abs s-p53-Abs p value*
rence (n=319) recurrence Negative positive
(n=101) (n=170) (n=31)
Age Age
2 65 227 71 0.90 265 48 23 0.64
<65 92 30 <65 22 8
Gender Gender
Male 190 55 0.42 Male 38 17 1.00
Female 129 46 Female 32 14
Location Location
C-Rs 256 89 0.10 C-Rs 60 29 0.34
Ra-Rb 63 12 Ra-Rb 10 2
Histology Histology
Tub 1,2 298 93 0.65 Tub 1,2 65 28 0.70
muc, poorly 21 8 muc, poorly 5 3
T factor T factor
T1, T2, T3 258 55 <0.01 T1,T2, T3 38 17 1.00
T4 61 46 T4 32 14
Lymph node metastasis Lymph node metastasis
Negative 194 36 <0.01 Negative 27 9 0.38
Positive 125 65 Positive 43 22
Stage Stage
I 194 36 <0.01 I 27 9 0.38
I 125 65 I 43 22
Adjuvant chemotherapy Adjuvant chemotherapy
Negative 159 39 0.05 Negative 29 10 0.51
Positive 160 62 Positive 41 21
CEA (cut off =5.0 ng/mL) CA19-9 (cut off=37.0 U/
Negative 190 44 <0.01 mL)
Positive 129 57 Negative 54 28 0.17
CA19-9 (cut off=37.0 U/ Positive 16 3
mL) CEA (cut off =5.0 ng/mL)
Negative 287 82 <0.01 Negative 33 11 0.38
Positive 32 19 Positive 37 20
s-p53-Abs (cut off =1.31 Recurrent organs
U/mL) Liver
Negative 218 70 0.90 No 46 17 0.37
Positive 101 31 Yes 24 14
*Fischer’s exact probability test Lungs
No 50 21 0.81
Yes 20 10
to be a poor prognostic factor, the utility of s-p53-Abs for Peritoneum
estimating colorectal cancer prognosis is still considered No 57 28 0.38
controversial [3, 4, 6]. Yes 13 3
CEA- and CA19-9-positivity rates increase with tumor Others
progression [9], with the positivity rates for both markers No 39 19 0.67
being highest in patients with stage I'V disease. On the other Yes 31 12

hand, s-p53-Abs-positivity rates do not differ between stage

*Fischer’s exact probability test
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Fig. 1 Cumulative incidence of recurrence according to preoperative tumor marker status in the patients with stage II/III colorectal cancer. a

Stage II vs. stage III, b serum p53 antibodies, ¢ CA19-9, d CEA

III and IV disease [6, 7]. A previous report demonstrated
that s-p53-Abs levels decreased in a patient with liver metas-
tasis in the terminal stage, a seemingly paradoxical finding
[7]. Although a few studies have evaluated perioperative
changes in CEA, CA19-9, and s-p53-Abs [10], none of these
studies have analyzed the levels of these three tumor markers
at disease recurrence.

The aim of this study was to analyze the perioperative
rates of the tumor markers s-p53-Abs, CA19-9, and CEA in
colorectal cancer patients with disease recurrence.

Patients and methods
The records of 420 consecutive patients with stage II or III

colorectal cancer surgically treated between January 2010
and December 2014 at Toho University Hospital were
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evaluated in this retrospective study. Patients selected for
the study, including 319 without and 101 with cancer recur-
rence, are shown (Table 1). Patients treated with neoadjuvant
chemotherapy or chemoradiotherapy were excluded. A total
of 245 men (58%) and 175 women (42%) with a median age
of 69 years (range, 34 to 92 years) were included. Cancer
stage was based on TNM classification [11] and determined
by pathological evaluation of resected specimens. Stage II
was diagnosed in 230 patients, and stage III was diagnosed
in 190 patients. All patients were considered cured by pri-
mary tumor resection by D2 or more extended lymphad-
enectomy. Follow-up data were collected until the end of
December 2018 or death. The protocol for this retrospective
study for medical record review was approved by the insti-
tutional review board (M19056 18,002) from Toho Univer-
sity Graduate School of Medicine. Informed consent was
obtained from all patients.
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Fig.2 Perioperative changing patterns of s-p53-Abs in s-p53-Abs positive patients. a The patients without recurrence. b The patients with recur-
rence

S-p53-Abs, CEA, and CA19-9 assays CA19-9 enzyme immune assay kit (Elecsys CA19-9; Roche
Diagnostics K.K., Tokyo, Japan). The cutoff value was 37 U/

S-p53-Abs levels were assayed using a highly specific, quan- ~ mL [14].

titative enzyme-linked immunosorbent assay kit (MESACUP

anti-p53 test; Medical & Biological Laboratories, Nagoya, ~ Cutoff values of serum antibody titers

Japan) [12]. The cutoff value was 1.3 U/mL, which yields

a false positive rate in healthy donors of less than 5% [13]. Optimized antibody titer cutoff values and a standard cutoff

CEA levels were measured using a CEA-2 enzyme immune  value that was greater than the mean plus 3 standard devia-

assay kit (Elecsys CEAII; Roche Diagnostics K.K., Tokyo,  tions (SD) of the healthy control cohort were applied to the

Japan) following the manufacturer’s instructions. The cutoff ~ antibody. Specificity was maintained at over 95%. Details

value was 5.0 ng/mL. CA19-9 levels were measured usinga  for the 3 SD values of the autoantibody titers are previously
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Fig. 3 Positive rates of tumor markers before surgery and at recurrence in the patients with stage II/III colorectal cancer. a Before surgery, b at

the moment of the recurrence

described [13]. The assay specificity was calculated as the per-
centage of the healthy controls from whom a negative result
was obtained.

Statistical analysis

Comparisons of paired groups were made using Fisher’s
exact probability test. Survival probabilities after surgery
were calculated by the Kaplan—Meier product limit esti-
mator method. Comparisons of between-group differences
were tested using a log-rank test. Statistical analyses were
performed using EZR statistical software [15]. Statistical
significance was set at p < 0.05.

Results

Clinicopathologic features in patients
with and without disease recurrence

Among all 420 patients, 132 (31%) were s-p53-Abs-positive.
Although high CEA and CA19-9 levels were associated with
recurrence, s-pS3-Abs rates did not differ between those with
or without disease recurrence (p=0.90, Table 1). Recurrence
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was significantly more frequent among patients with T4 than
T1, T2, or T3 tumors (p <0.01) and in those with positive
versus negative lymph nodes (p < 0.01). Other clinicopatho-
logic factors were not associated with recurrence.

Among the 101 patients with recurrence, clinicopatho-
logic features were compared between the s-p53-Abs-posi-
tive and s-p53-Abs-negative patients (Table 2). There were
no significant differences between the two groups (Table 2).
The status of CEA and CA19-9 also was not significantly
different between groups.

Cumulative recurrence rates according to marker
status before surgery in stage /111

The cumulative recurrence rates were 16% for stage II and
34% for stage III (p <0.01, Fig. 1a). There was not a signifi-
cant difference in recurrence rates according to preoperative
s-p53-Abs status (Fig. 1b). Conversely, the recurrence rates
in preoperative CA19-9-positive patients were significantly
higher than in CA19-9-negative patients (p =0.02, Fig. 1c).
Increased recurrence rates were also seen in preoperative
CEA-positive patients compared with CEA-negative patients
(p<0.01, Fig. 1d).
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Fig.4 Positive rates of tumor markers before surgery and at recur-
rence. White bars (P1 to P7) are preoperative positive rates. Black
bars (R1 to R7) are positive rates at recurrence. PIP2P3 are positive
rates using single markers. PAPSP6P7 are positive rates using plural

Perioperative changing pattern of s-p53-Abs
in s-p53-Abs positive patients

Among s-p53-Abs positive patients, the s-p53-Abs was still
positive at 1 and 6 months after surgery even in the patients
without recurrence (Fig. 2a). The antibody values gradually
decreased after surgery. On the other hand, the s-p53-Abs
was positive at 1 month after surgery. The antibody values at
the recurrence was higher than the antibody values 1 month
after surgery. Some patients showed higher values than the
values before surgery (Fig. 2b).

Tumor marker positivity rates before surgery
and at recurrence

Although there was no significant difference, the preop-
erative positivity rates of all three tumor markers were
higher in patients with stage III than those with stage II
disease (Fig. 3a). The CEA- and CA19-9-positivity rates
increased with tumor progression and recurrence. In
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markers. The significant difference between P2 versus R2, P3 ver-
sus R3, and P5 versus RS are indicated. The significant difference
between P4 versus P2, P6 versus P3, P7 versus P5, and R4 versus R2
are indicated. *p <0.01, Fischer’s exact probability test

particular, CA19-9-positive rates at recurrence were sig-
nificantly higher than CA19-9-positive rates before surgery
in patients with both stage II and stage III cancer. Although
s-p53-Abs-positive rates increased with tumor progression,
s-p53-Abs-positive rates at recurrence were not higher than
the s-p53-Abs-positive rates before surgery. The CEA- and
CA19-9-positive rates at recurrence were significantly
higher than their positivity rates before surgery (Fig. 3a, b).
But the s-p53-Abs-positive rate at recurrence was not higher
than the positivity rate before surgery (Fig. 3a, b).

Positive rates of tumor markers before surgery
and at recurrence.

The significant difference between P2 versus R2, P3 versus
R3, and P5 versus R5 are indicated. The significant differ-
ence between P4 versus P2, P6 versus P3, P7 versus P5, and
R4 versus R2 are indicated.
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Fig.5 Changing pattern of
tumor marker status before sur-
gery to the recurrence. Frequen-
cies of 4 subgroup according to
changing pattern of each tumor
markers. a Serum p53 antibod-
ies, b CA19-9, ¢ CEA

a s-p53-Abs

¢ CEA

The combined presence of two of three markers showed
similar tendencies. Combination of CEA with s-p53-Abs
showed the highest positive rate at recurrence (69%) and
before surgery (60%). However, there was no significant
difference between these two. Combination of CEA and
CA19-9 showed significantly higher positivity rates at recur-
rence (64%) than before surgery (46%, p <0.01, Fig. 4).
Combined with s-p53-Abs showed significant additive
effects of perioperative positive rates as follows; CA19-9 vs
CA19-9 +5-p53-Abs (p<0.01), CEA vs CEA +5s-p53-Abs
(p<0.01), and CA19-9+ CEA vs CA19-9 + CEA +s-p53-
Abs (p<0.01). Although combined with p53-Abs showed
higher sensitivities at recurrence, the differences were not
statistically significant.

Changes in tumor marker status before surgery
to recurrence

Frequency of negative to positive, negative to negative,
positive to negative, and positive to positive status for each
tumor marker is shown in Fig. 5. The prevalence of “nega-
tive to positive” was 1% for s-p53-Abs, 15% for CA19-9,
and 20% for CEA. The prevalence of “positive to negative”
was 6% for s-p53-Abs, 6% for CA19-9, and 16% for CEA.
Therefore, the total prevalence of status changes was 7%
for s-p53-Abs, 21% for Cal9-9, and 36% for CEA (Fig. 5).
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Comparison of overall survivals after surgery of 4
subgroups according to the tumor marker changes
at recurrence

Regarding to s-p53-Abs, there was no differences among the
survivals of 4 subgroups (Fig. 6a). Regarding to CA 19-9,
the patients with positive status at recurrence showed worse
survival than the patients with negative status at recur-
rence although there was no significant difference (Fig. 6b).
Regarding to CEA, the patients with positive status at recur-
rence showed significantly worse survival than the patients
with negative status at recurrence (Fig. 6¢).

Comparison of overall survival curves
after recurrence according to tumor marker status
at recurrence

There was no significant difference in survival rate between
the s-p53-Abs-positive and s-p53-Abs-negative groups
(Fig. 7a). Conversely, the CA19-9-positive group had signifi-
cantly lower survival rates than the CA19-9-negative group
(Fig. 7b, p=0.02). The CEA-positive group also had sig-
nificantly lower survival rates than the CEA-negative group
(Fig. 7¢, p<0.01).
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Fig.6 Overall survival according to changing pattern of each serum marker status at recurrence. a Serum p53 antibodies, b CA19-9, ¢ CEA

Univariate and multivariate analyses of risk factors
for overall survival after recurrence

Among various clinicopathological factors and tumor mark-
ers, CA19-9, CEA, and recurrent site resection were signifi-
cant prognostic factors in the univariate analysis (Table 3).
CEA and recurrent site resection were the only independent
risk factors for overall survival in the multivariate analysis.

Discussion

Increased values of all three tumor markers were associated
with tumor progression. Although CEA- and CA19-9-posi-
tive rates increased at disease recurrence, s-pS3-Abs-positive
rates did not. There were no significant differences in the
recurrent and overall survival rates according to preopera-
tive s-p53-Abs status. Conversely, there were significant

differences in the recurrent and overall survival rates accord-
ing to preoperative CA19-9 and CEA status. CEA-positive
status at recurrence was an independent risk factor for poor
overall survival after recurrence.

In patients with colorectal cancer, the presence of s-p53-
Abs during the perioperative period and recurrence dif-
fered from patients with esophageal cancer. Only one out
of 75 s-p53-Abs-negative colorectal cancer patients were
s-p53-Abs-positive at recurrence. In patients with esopha-
geal cancer, 10% of s-p53-Abs-negative patients were s-p53-
Abs positive after surgery [16]. In the present study, the
s-p53-Abs-positivity rate did not increase at recurrence in
patients with colorectal cancer. This is similar to previous
findings that the s-p53-Abs-positivity rate did not increase in
stage I'V colorectal cancer [7]. Therefore, tracking s-p53-Abs
status following surgery may not be useful in s-p53-Abs-
negative patients.
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Fig. 7 Comparison of overall survival curves after recurrence according to tumor marker status at recurrence. a Serum p53 antibodies, b CA19-

9, ¢ CEA

Anti-p53-Abs production may decrease in patients with
liver metastasis. It is possible that this reflects immunologic
suppression because of immune tolerance due to liver metas-
tasis, although no clear evidence for such an effect has been
published. Tang et al. reported a similar finding regarding
preoperative s-p53-Abs-negative status in patients with colo-
rectal cancer [17]. It has also been demonstrated that the
autoantibody profiles in patients with colorectal cancer were
consistent from early- to late-stage disease [18].

In contrast to s-p53-Abs, increases in CA19-9- and CEA-
positivity rates were associated with tumor progression and
recurrence. CEA showed high positive conversion rates at
recurrence. However, the negative conversion rate of CEA
was also relatively high. The duality of CEA expression
should be carefully considered. The negative conversion
rate of CA19-9 was relatively low. Therefore, CEA/CA19-9
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should be tracked following surgery, even in patients that
were double-negative for CEA/CA19-9 before surgery.

A limitation of this study is that p53 protein expression
levels in tumors were not analyzed because pathology speci-
mens of metastases were collected from only a few patients.
Furthermore, there are no data concerning p53 mutations in
the metastases.

In conclusion, the s-p53-Abs-positivity rate during dis-
ease recurrence was similar to CA19-9 and lower than CEA.
Because s-p53-Abs-negative patients rarely converted to
positive status at recurrence, s-p53-Abs should be postop-
eratively followed only in patients that were positive before
surgery. Unlike s-p53-Abs-positive status, CEA- and/or
CA19-9-positive status at recurrence was a poor prognostic
indicator.
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Table 3 Univariate and multivariate analysis of risk factors for overall survival after recurrence

Variables Number of Univariate Multivariate
patients (n=101)
HR 95% CI p value* HR 95% C1 p value*
Age
265 71 1.24 0.66-2.33 0.50
<65 30
Gender
Male 55 0.90 0.50-1.60 0.72
Female 46
Location
C-Rs 89 0.98 0.41-2.32 0.97
Ra-Rb 12
Histology
Tub 1,2 93 1.53 0.55-4.28 0.42
muc, poorly 8
T factor
T1, T2, T3 55 1.09 0.61-1.96 0.76
T4 46
Lymph node metastasis
Negative 36 1.30 0.70-2.41 0.40
Positive 65
Stage
I 36 1.30 0.70-2.41 0.40
I 65
Adjuvant chemotherapy
Negative 39 0.97 0.53-1.75 0.91
Positive 62
Recurrent time after resection
2 12 month 58 0.88 0.49-1.59 0.68
<12 month 43
s-p53-Abs (cut off =1.31 U/mL) at recurrence
Negative 26 1.23 0.66-2.29 0.52
Positive 75
CA19-9 (cut off =37.0 U/mL) at recurrence
Negative 74 2.08 1.13-3.82 0.02 1.70 0.90-3.21 0.10
Positive 27
CEA (cut off=5.0 ng/mL) at recurrence
Negative 40 2.99 1.55-5.78 <0.01 2.09 1.04-4.23 0.04
Positive 61
Recurrent organs
Liver
No 63 1.00 0.56-1.79 1.00
Yes 38
Lungs
No 71 0.57 0.29-1.11 0.10
Yes 30
Peritoneum
No 85 1.69 0.81-3.49 0.16
Yes 16
Resection of recurrent sites
No 57 0.29 0.15-0.56 <0.01 0.30 0.14-0.65 <0.01

*Cox proportional hazards regression analysis
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