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ABSTRACT

Background: The clinicopathological relevance of serum p53 antibodies (s-p53-Abs) in advanced breast
cancer is not well understood. We evaluated the clinicopathological importance of s-p53-Abs titers in pa-
tients after surgical treatment and neoadjuvant chemotherapy for breast cancer.

Methods: We retrospectively analyzed the records of 43 consecutive female patients with primary locally
advanced breast cancer who were surgically treated after neoadjuvant chemotherapy at Toho University
Omori Medical Center between January 2010 and December 2014. S-p53-Abs, carcinoembryonic antigen
(CEA), and cancer antigen (CA) 15-3 were assessed perioperatively, and the clinicopathological relevance of
these tumor markers was analyzed.

Results: Eleven (26%) patients were s-p53-Abs — positive; however, s-p53-Abs status was not associated
with any clinicopathological feature. Three of these 11 patients developed recurrence. The rate of positive
test results for CEA and/or s-p53-Abs was significantly higher than that for CEA alone (44% vs 21%, respec-
tively; p = 0.04). In addition, the positive rate for CA15-3 and/or s-pb3-Abs was higher than that for CA15-3
alone (53% vs 33%, respectively; p = 0.08). The s-p53-Abs titer decreased in 10 of 11 (91%) patients after sur-
gery and increased in 1 patient, who later developed brain metastasis. Seven patients with positive s-p53-
Abs titers seroconverted and did not develop recurrence. In contrast, s-p53-Abs titers remained positive in 3
patients, 2 of whom developed brain metastases.

Conclusions: Perioperative monitoring of s-pb53-Abs titers may be useful in detecting residual cancer cells.
Extremely high s-p53-Abs titers suggest an increased risk of brain metastasis.
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Genomic sequencing revealed that 20% to 30% of pa-
tients with breast cancer have p53 mutations.” Most p53
mutations lead to synthesis of a stabilized mutant protein
that has a much longer half-life than that of the wild-type
p53 protein. Overexpression of mutant p53 protein induces
production of serum p53 IgG antibodies (s-p53-Abs) in 18%
to 34% of patients with breast cancer.”" Previous studies
enrolled from 24 to 153 patients, most of whom had early
breast cancer. Because of the high sensitivity of s-p53-Abs
testing, even among patients with early disease, the Japa-
nese Ministry of Health, Labour and Welfare approved the
use of s-pb53-Abs as a tumor marker for breast cancer, in
2007.

We previously reported that monitoring of s-p53-Abs tit-
ers predicts tumor recurrence in patients with breast can-
cer, possibly because antibody response detects residual
cancer cells.'” The presence of s-p53-Abs before treatment
was associated with poor prognosis.” Because previous re-
ports mainly enrolled patients with early breast cancer,
the clinical relevance of s-p53-Abs in advanced breast can-
cer is not clear. Moreover, there is little information on the
potential association of change in perioperative s-p53-Abs
titer with treatment efficacy in advanced breast cancer.
This study analyzed the clinical effects of pretreatment
and perioperative changes in s-pb3-Abs titers in patients

with locally advanced breast carcinoma.
Methods

Patients

We retrospectively analyzed the medical records of 43
consecutive female patients with primary locally advanced
breast cancer who were treated surgically after neoadju-
vant chemotherapy at Toho University Omori Medical
Center from January 2010 through December 2014. This
study was approved by the relevant institutional review
board (#21-93, #24-001, #26-256). Median age was 54
(range, 34 — 77) years. Male patients and patients with dis-
tant metastatic disease were excluded from the analysis.
Eight patients had c-stage II disease, 33 had c-stage III dis-
ease, and 2 had occult disease. TNM classification was es-
tablished by means of pathological examinations of preop-
erative needle biopsies, in accordance with the general

guidelines for clinical and pathological recording of breast
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cancer of the Japanese Breast Cancer Society.
sion of human epidermal growth factor receptor 2 (HER2)
was evaluated by core needle biopsy before starting
neoadjuvant chemotherapy: 25 patients were HER2-
positive and 18 were HER2-negative. After surgery, all pa-
tients underwent regular follow-up clinical examinations
and imaging studies until the end of November 2016 or
death. Postoperative recurrence was defined as positive
findings on a clinical examination and ultrasonography or
on computed tomography scanning, F-18-fluorodeoxy-
glucose positron-emission tomography, and magnetic reso-
nance imaging.

Chemotherapy

All 25 HER2-positive patients were treated with 4 cycles
of FEC100 (fluorouracil 500 mg/m?® epirubicin 100 mg/m?
and cyclophosphamide 500 mg/m? every 3 weeks, fol-
lowed by 4 cycles each of docetaxel (75 mg/m? and tras-
tuzumab (8 mg/kg for the first cycle and 6 mg/kg for the
second to fourth cycles), every 3 weeks."”

Some patients received paclitaxel, 80 mg/m’® weekly, in-
stead of docetaxel. Fifteen of the 18 HER2-negative pa-
tients were treated with FEC100, followed by docetaxel
(one 75-mg/m?* dose) or nab-paclitaxel (260 mg/m?. Three
HER2-negative patients were treated with 6 cycles of nab-
paclitaxel (130 mg/m? and gemcitabine (1200 mg/m?
twice every 3 weeks.

Serum samples and enzyme immunoassay for s-p53-

Abs, carcinoembryonic antigen, and cancer antigen

15-3

Serum samples were analyzed before and after chemo-
therapy and after surgery. The s-p53-Abs titer was as-
sessed with a highly specific and quantitative p53 Abs
ELISA kit MESACUP™ anti-p53 Test; Medical & Biologi-
cal Laboratories Co. Ltd., Nagoya, Japan).” We first evalu-
ated the clinical effects of s-p53-Abs titer on the whole pa-
tient sample. Then, in subgroup analysis we analyzed sero-
positive patients and evaluated the prognostic impact of
change in s-p53-Abs titer as a continuous variable. The
cutoff value for s-p53-Abs was 1.3 U/ml. Carcinoembryonic
antigen (CEA) concentrations were measured with the
CEA-2 EIA kit (Elecsys CEAIL Roche Diagnostics KK,
Tokyo, Japan). The cutoff value for serum CEA was 5.0

ng/ml, in accordance with the manufacturer’s recommen-
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dations. Cancer antigen (CA) 15-3 concentration was meas-
ured with the CA15-3-2 ETA kit (Roche Diagnostics K.K.).
The cutoff value for serum CA15-3 was 25.0 U/ml, in ac-
cordance with the manufacturer’s recommendations.

Assessment of pathological response to neoadjuvant

chemotherapy

The Response Assessment of Chemotherapy for Breast
Carcinoma, proposed in the Japanese Classification of
Breast Cancer,” was used to assess response in surgically
resected specimens. Pathological effects were categorized
into 6 groups (grade 0, 1a, 1b, 2a, 2b, and 3) based on mor-
phological changes and the extent or absence of invasive
cancer. Grade la was defined as “mild changes in cancer
cells, regardless of the extent, and/or marked changes in
<1/3 of the tumor.” Grade 1b was defined as “marked
changes in 1/3 to <2/3 of the tumor.” Grade 2a was de-
fined as “marked changes in =2/3 of the tumor, but appar-
ent remaining cancer cells.” Grade 2b was defined as
“marked changes approaching a complete response with
only a few remaining cancer cells.” The Japanese Classifi-
cation of Breast Cancer defines “grade 3” as “no invasive
cancer in the breast,” which is equivalent to a “pathological
complete response” in the National Surgical Adjuvant
Breast and Bowel Project B-18 study. The presence of non-
invasive cancer in the breast and nodal involvement in
such cases was clearly noted.

Immunohistochemical staining for p53 and Ki-67

Paraffin-embedded tissue blocks of 3 formalin-fixed bi-
opsy specimens from different areas of the tumor were cut
into 4-mm-thick sections, deparaffinized in xylene, and de-
hydrated with graded alcohol concentrations. Hematoxylin
and eosin (H&E) staining and immunostaining by the
avidin-biotin-peroxidase method were performed. p53 pro-
tein overexpression was detected by anti-p53 monoclonal
antibody (DO-7, 1:200, DAKO, Carpinteria, CA, USA). Ki-67
immunostaining was performed with a mouse monoclonal
antibody (MIB-1, 1:200, DAKO, Glostrup, Denmark). Im-
munostaining was performed by using a BenchMark XT
auto-stainer (Ventana Medical Systems Inc., Tucson, AZ,
USA) according to the manufacturer’s instructions. Ki-67
evaluation was performed by using a previously described
method."” High Ki-67 expression was defined as a cutoff
value of =14% of tumor tissue."

Statistical analysis

Data are expressed as mean*standard deviation.
Groups were compared with the Fisher exact test and un-

paired t test. A p value of less than 0.05 was considered to
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indicate statistical significance. All statistical analyses
were performed by using Easy R (EZR) for Windows (32-
bit version; Jichi Medical University, Shimotsuke, Tochigi,
Japan).

Compliance with ethical standards

Ethics statement: This study was approved by the insti-
tutional review boards of the Chiba Cancer Center (#21-
26) and Toho University School of Medicine (#22-112, #22-
047). Additional informed consent was obtained from all
patients for whom identifying information is included in

this article.
Results

The associations of s-p53-Abs with preoperative clinico-
pathological features are shown in Table 1. Eleven (26%)
patients were s-pb53-Abs — positive; s-pb3-Abs status was
not associated with age, family history, tumor size, lymph
node metastasis, estrogen receptor status, progesterone
receptor status, HERZ status, presence of triple-negative
(estrogen receptor — negative, progesterone receptor —
negative, and HER2-negative) cancer, MIB-1 status, or con-
ventional tumor markers. Patients with triple-negative tu-
mors were more likely than other patients to be positive
for s-p53-Abs, but the difference was not significant (27%
vs 6%, respectively; p = 0.10).

Fig. 1 shows the rates of positive results for s-p53-Abs
and conventional tumor markers. The overall positive
rates were comparable for the 3 markers (s-p53-Abs, 26%;
CEA, 21%; CA15-3, 33%). Assays that combined s-p53-Abs
with a conventional tumor marker had better sensitivity.
The rate of positive results for CEA and/or s-p53-Abs was
significantly higher than that for CEA alone (44% vs 21%,
respectively; p = 0.04). The positive rate for CA15-3 and/or
s-p53-Abs was higher than that for CA15-3 alone (53% vs
33%, respectively; p = 0.08). Moreover, the positive rate for
CEA and/or CA15-3 and/or s-p53-Abs was higher than
that for CEA and/or CA15-3 (58% vs 37%, respectively; p =
0.08). The rates of positive test results for s-p53-Abs and
conventional tumor markers are shown in Fig. 2. S-p53-
Abs status was independent of the other 2 conventional
tumor markers.

Fig. 3 shows s-p53-Abs titers in s-p53-Abs — positive pa-
tients before and after treatment. S-p53-Abs titers de-
creased in 10 of 11 patients after surgery and increased in
1 patient (Case 1), a 51-year-old woman with an axillary tu-
mor who developed brain metastasis 23 days after surgery

and died of the disease 120 days after surgery. Changes in
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Table 1 Associations of s-p53-Abs status with preoperative clinicopathological characteristics

s-p53-Abs-positive s-pb3-Abs-negative p-Valuee

(n=11) (n=32)

Age (years) 515+11.0 556+10.7 0.28
Family history Negative 10 26

Positive 1 6 0.66
T factor Txb, T1, T2 7 13

T3, T4 4 19 0.3
Lymph node metastasis Negative 0 1

Positive 11 31 1
Estrogen receptor Negative 5 9

Positive 6 23 0.46
Progesterone receptor Negative 6 13

Positive 5 19 0.5
HER2 Negative 6 12

Positive 5 20 048
Triple negative No 8 30

Yes 3 2 0.1
MIB-1 (%)2 <14.0 1 4

>14.0 8 13 0.63
CEA Negative 10 24

Positive 1 8 041
CA15-3 Negative 9 20

Positive 2 12 0.29
CEA +CA15-3 Negative 9 18

Positive 2 14 0.17

a. MIB-1 expression was analyzed after June 2013.

b. Tx, occult cancer with axillary lymph node metastases.

c. Fisher exact test and unpaired ¢ test.

s-pb3-Abs: serum pb3 antibodies, CEA: carcinoembryonic antigen, CA15-3: cancer antigen 15-3

s-p53- Abs

Positive rates (%)

Fig. 1 Comparison of rates of positive re-

sults for serum tumor markers in patients Fig. 2 Number of positive results for serum tumor mark-
with breast cancer. ers in patients with breast cancer.

S-p53-Abs: serum p53 antibodies, CEA: car- s-ph3-Abs: serum pb53 antibodies, CEA: carcinoembryonic
cinoembryonic antigen, CA15-3: cancer an- antigen, CA15-3: cancer antigen 15-3

tigen 15-3
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serum markers for the entire clinical course of this patient
are shown in Fig. 4. Ultrasonography revealed swollen ax-
illary lymph nodes, but mammography and ultrasonogra-
phy showed no evidence of abnormal breast findings. The
s-pb3-Abs titer before treatment was 531 U/ml, but the re-

500.0 -1
9 mmm Recurrence

200.0 4
3

100.0 ~
50.0

20.0
10.0 7

5.0

Titer of s-p53-Abs (U/ml)

2.0 A
1.0
0.5

T T
Before After
chemotherapy chemotherapy

T I
After surgery After surgery
(<6 months)  (>6 months)

Fig. 3 Changes in serum p53 antibody titers of s-p53-Abs-
positive patients before and after treatment. Patient 1 died
4 months after surgery, and Patient 4 died 2.5 years after
surgery.

s-pb3-Abs: serum p53 antibodies
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sults of CEA and CA15-3 testing were negative. Histologi-
cal analysis of an excisional biopsy from an axillary tumor
revealed metastatic breast cancer. After chemotherapy,
her serum s-p53-Abs titer decreased to 20.3 U/ml, at
which point axillary lymph node dissection was per-
formed. Approximately 3 weeks after lymph node dissec-
tion, her serum titer increased to 25.8 U/ml and the pa-
tient began to complain of dizziness. Brain metastasis was
detected by magnetic resonance imaging, but the results
of CA15-3 and CEA testing remained negative. She under-
went radiotherapy and chemotherapy, but the brain me-
tastasis progressed rapidly, and she died 4 months after
surgery.

The associations of s-p53-Abs status with pathological
response and tumor recurrence are shown in Table 2. A
pathological complete response was attained in 4 (9%) of 43
patients: 2 (18%; Cases 2 and 3) of 11 s-p53-Abs — positive
patients and 2 (6%) of 32 s-p53-Abs — negative patients.
Three of the 4 patients survived without recurrence. One
of the 4 patients (Case 2) developed brain metastasis.
There was no significant difference in recurrence rate be-
tween groups. Pretreatment hormone receptor expression
patterns in the 4 patients with a complete response to
neoadjuvant chemotherapy are shown in Table 3. One of

1000

L ‘. o Wd - A 80
531U/ml e me5-p53-Abs *2
R 11% i chemotherapy 0
-==-CE radiotherapy

u . operation
100 excisional biopsy

chemotherapy*!

Titer of s-p53-Abs (U/ml)
I
1S
CA15-3 (U/ml), CEA (ng/ml)

20.3U/ml
10 / 30
20
—_-\\/ /,A 0
---- AS -
1l —frmm=mn silieee femmmoc il —o

T T T T T T
0 30 60 90 120 \\210 240 270 300 330 36

Fig. 4 Change in serum pb3 antibody titers in 1 patient with recur-
rence. She died 4 months after surgery.

*1 Nab-paclitaxel 130 mg/m? iv + gemcitabine 1200 mg/m? iv, twice ev-
ery 3 weeks for 6 cycles

*2 Epirubicin 60 mg/m? iv + cyclophosphamide 500 mg/m? iv + fluoro-
uracil 500 mg/m? iv, once every 3 weeks for 4 cycles

s-p53-Abs: serm p53 antibodies, CEA: carcinoembryonic antigen, CA15-
3: cancer antigen 15-3, iv: intravenous adminiser
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Table 2 Associations of serum p53 antibody status with pathological response and tumor recur-

rence.
s-p53-Abs-positive s-pb3-Abs-negative p-Value 2
(n=11I) (n=32)
Pathological response Grade 1/2 9 30
Grade 3 2 2 0.27
Recurrence Negative 8 21
Positive 3 11 1

a. Fisher exact test
s-pb3-Abs: serum p53 antibodies

Table 3 Pretreatment hormone receptor expression in patients with complete pathological response to neoadjuvant

chemotherapy
Case s-p53-Abs ER PgR HER2 Ki67 Chemotherapy regimen

A (Case 2) Positive Positive Positive Positive 30% (i) Epirubicin + cyclophosphamide +
fluorouracil (ii) Docetaxel + trastuzumab

B (Case 3) Positive Negative Negative Negative 39% Nab-paclitaxel + gemcitabine

C Negative Negative Negative Positive 50% (i) Epirubicin + cyclophosphamide +
fluorouracil (ii) Docetaxel + trastuzumab

D Negative Positive Negative Positive NA (i) Epirubicin + cyclophosphamide +

fluorouracil
(ii) Docetaxel + trastuzumab

s-p53-Abs: serum p53 antibody, ER: estrogen receptor, PgR: progesterone receptor, HER2: human epidermal receptor 2,

NA: not applicable

the 2 s-pb3-Abs — positive patients was HERZ-positive.
Both s-p53-Abs — negative patients were positive for
HER2. There was no significant association between s-p53-

Abs status and hormone status.
Discussion

The rate of positive results was significantly higher for
CEA combined with s-p53-Abs than for CEA alone. Thus,
inclusion of s-p53-Abs status improved sensitivity for de-
tection of breast cancer. Eleven of 32 s-p53-Abs — negative
patients and 3 of 11 s-p53-Abs — positive patients devel-
oped recurrence. Because all 3 of these patients had posi-
tive results only for s-p53-Abs, adding s-p53-Ab could im-
prove quality of follow-up. A previous study reported sig-
nificant association of s-p53-Abs status with family history,
triple-negative cancer, and estrogen receptor status”; how-
ever, s-pb3-Abs status was not associated with any clinico-
pathological feature in the present study. A previous re-
port found that patients with triple-negative breast cancer
were more likely than other breast cancer patients to be s-
p53-Abs — positive.” This trend was also observed in the

present study. The s-p53-Abs seropositivity rate was

Vol. 3 No.2

slightly higher in patients with triple-negative tumors
than in other patients, but the difference was of borderline
significance, possibly because of the small number of pa-
tients at our center. s-p53-Abs status was significantly as-
sociated with survival in one study” but not in another
study?

In our previous study of patients with esophageal carci-
noma, high s-p53-Abs titers (=10 U/ml) were associated
with advanced cancer and poor outcomes.” In the present
study s-pb3-Abs status was not associated with outcome,
but 3 of the 6 patients in the high s-p53-Abs titer group (=
10 U/ml) developed recurrence. The 3 patients with recur-
rence (Cases 1, 2, and 4) had extremely high pretreatment
titers (=50 U/ml) and developed brain metastases. Al-
though patients who achieved a pathological complete re-
sponse continue to have significantly better rates of
disease-free survival and overall survival, as compared
with patients who did not,” Case 2 developed brain metas-
tasis. None of the 11 s-p53-Abs — negative patients with re-
current cancer developed brain metastases as the first re-
current lesion. The association between s-p53-Abs status

and brain metastasis was statistically significant (p=0.003).
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An association between pb3 status and brain metastases
from breast cancer was previously reported.*® Seroposi-
tive patients may thus be at higher risk for brain metasta-
ses, even after radical surgery.

In our previous case study, we reported that monitoring
of s-pb3-Abs was useful in predicting tumor recurrence in
patients with advanced breast cancer, possibly because
antibody response detects residual cancer cells.” Simi-
larly, residual cancer cells might have been detected dur-
ing monitoring of s-p53-Abs during treatment in Case 1.
Her s-p53-Abs titer was consistently positive, even after
radical surgery. Because the results of testing for all other
conventional tumor markers were negative in this patient,
s-p53-Abs was helpful in assessing tumor burden.

Although pb3 protein overexpression was previously
found to be related to chemosensitivity,” s-p53-Abs status
was not associated with pathological response or tumor re-
currence in our present series. This discrepancy is attrib-
utable, in part, to differences in chemotherapy regimens
and the small sample size. The relation between s-p53-Abs
status and treatment response should be examined in a
large-scale multicenter prospective study.

In conclusion, s-p53-Abs testing might be useful for de-
tecting residual cancer cells in patients receiving treat-
ment for locally advanced breast cancer.
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