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Abstract. RalA protein, a member of the Ras superfamily of
small GTPases, is a tumor antigen that induces serum RalA
antibodies (s‑RalA‑Abs). The present study explored the clini‑
copathological and prognostic significance of s‑RalA‑Abs in
patients with colorectal cancer. Serum samples were obtained
from 314 patients with colorectal cancer at stage 0/I (n=71),
stage II (n=86), stage III (n=78), stage IV (n=64) and recurrence
(n=15). Samples were analyzed for the presence of s‑RalA‑Abs
using ELISA. The cutoff optical density value was fixed at
0.324 (mean of heathy controls + 3 standard deviations). The
overall positive rate for serum anti‑RalA antibodies was 14%.
The presence of s‑RalA‑Abs was not significantly associated
with clinicopathological characteristic factors. Additionally,
the s‑RalA‑Abs(+) group demonstrated significantly poor
relapse‑free survival rates. The s‑RalA‑Abs (+)/carcinoembry‑
onic antigen (CEA)(+) group exhibited the worst prognosis and
s‑RalA‑Abs(+)/CEA(+) was an independent risk factor for poor
relapse‑free survival. Although the positive rate was not high,
s‑RalA‑Abs may be a useful predictor of poor relapse‑free
survival in patients with colorectal cancer.

cancers often contain RAS mutations (3), and 37.9‑49.6% of
colorectal cancers contain RAS mutations (4). RalA protein
has been studied in various cancers (5), including colorectal
cancer (6). RalA protein have been reported as key cancer
phenotypic markers and biomarkers of cellular migration,
invasion and metastasis (7,8).
We previously reported that serum IgG autoantibodies were
useful for detecting early‑stage colorectal cancer (9), moni‑
toring treatment response, and monitoring after surgery (10‑12).
Serum RalA antibodies (s‑RalA‑Abs) have been reported to be
a potential biomarker for various cancers (9,13‑15). However,
previous reports rather than our own reports (16,17), did
not reveal details of the clinicopathological and prognostic
significance. Furthermore, the relationship between the conven‑
tional serum markers, CEA and CA19‑9, has not been analyzed.
Therefore, we evaluated the clinicopathological and
prognostic significance of s‑RalA‑Abs status in colorectal
cancer patients. Moreover, the use of combinatorial assays of
s‑RalA‑Abs with CEA and/or CA19‑9 was evaluated for their
clinical impact.

Introduction

Materials and methods

RalA is a member of the Ras superfamily of small GTPases (1).
The Ras‑like GTPases are tumor antigens that are aberrantly
induced during tumorigenesis by oncogenic Ras (2). Human

Patients. A total of 314 patients with colorectal cancer,
including 165 patients from Toho University Omori Medical
Center and 149 patients from Chiba Cancer Center, were
analyzed to detect serum antibodies against RalA. Samples
from 73 healthy controls were also obtained. Among the
314 patients, 194 were men (61.8%) and 120 were women
(38.2%), with a median age of 66 (range, 27‑90) years. The
TNM stage of colorectal cancer was classified according to
the General Rules for the Clinical and Pathological Study of
Primary Colorectal Cancer (7th Edition) (18). All patients
were classified as stage 0 (n=10), stage I (n=61), stage II (n=86),
stage III (n=78), stage IV (n=64), or recurrence (n=15). Serum
RalA antibodies (s‑RalA‑Abs), carcinoembryonic antigen
(CEA), and carbohydrate antigen 19‑9 (CA19‑9) were evalu‑
ated to compare clinicopathological significance. A flowchart
showing the patient subgroups and s‑RalA‑Abs status is shown
in Fig. 1. Written informed consent to publish any associated
data was provided and obtained from all study participants.
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Figure 1. Flowchart demonstrating patient selection for the present study.

Analysis of s‑RalA‑Abs, CEA, and CA19‑9. Serum samples
were analyzed by enzyme‑linked immunosorbent assay
(ELISA) as previously described (19) using 96‑well microtiter
plates coated with purified recombinant RalA protein.
Absorbance was measured at 450 nm using a SUNRISE
Microplate Reader (Tecan Japan Co., Ltd.) (20). An opti‑
mized antibody titer cutoff value and a standard cutoff value
corresponding to a value greater than that of the mean of the
healthy control cohort plus three standard deviations were
applied to RalA antibodies, and specificity was maintained at
over 95% (21). The optical density cutoff value was fixed at
0.324. Details of the three standard deviations of autoantibody
titers were described previously (22). The assay specificity was
calculated as the percentage of the healthy controls showing a
negative result. CEA and CA19‑9 were measured as previously
described (14).
Statistical analysis. Fisher's exact test was used to analyze
the categorical variables. The age of the continuous variable
in Table I was divided into two groups: Over or under 65 years
old. Older age was analyzed using Fisher's exact as a single
category. In figures, Fisher's exact was used to analyze the
noteworthy positive rate between the two groups for compar‑
ison. Clinicopathological parameters associated with survival
were evaluated by univariate analysis using log‑rank test based
on the Kaplan‑Meier survival curves. Multivariate analyses
were performed using the Cox proportional hazards model.
All statistical analyses were performed using EZR statistical
software (23). P‑values <0.05 were considered statistically
significant.
Results
Comparison of clinicopathological features in colorectal
cancer patients according to s‑RalA‑Abs status. Among
314 patients with colorectal cancer, 45 (14%) were positive
for s‑RalA‑Abs (Fig. 1). The positive rate of s‑RalA‑Abs in
246 patients in the complete resection (R0) group was 14%.
The presence of s‑RalA‑Abs was slightly associated with

differentiated type (P=0.087). No other clinicopathological
factors were significantly associated with s‑RalA‑Abs (Table I).
Furthermore, the presence of s‑RalA‑Abs was not significantly
associated with CEA and CA19‑9.
Positive rates of combined s‑RalA‑Abs, CEA and CA19‑9.
The positive rates of s‑RalA‑Abs, CA19‑9 and CEA in all
314 patients were 14, 19 and 41%, respectively (Fig. 2). The
positive rate of combined CEA/s‑RalA‑Abs was higher than
that of combined CEA/CA19‑9. Furthermore, the positive rate
of combined CEA/CA19‑9/s‑RalA‑Abs was higher than that of
combined CEA/CA19‑9 (53 vs. 45%, P=0.066) (Fig. 2).
Positive rates of serum markers in colorectal cancer patients
according to stage. There was no significant difference in
the positive rates of s‑RalA‑Abs among the stage 0/I‑IV,
and recurrence groups (8, 16, 17, 13 and 27%, respectively).
The positive rates of combined CEA/s‑RalA‑Abs were
higher than that of combined CEA/CA19‑9 in stage 0/I, II
and III, although the differences were not statistically signifi‑
cant (Fig. 3).
Correlation between s‑RalA‑Abs, CEA, and CA19‑9. Positive
tumor markers were found in 165 out of 314 (52.5%) patients
in total (Fig. 4A). Among s‑RalA‑Abs‑positive patients,
23 out of 45 (51%) were positive for s‑RalA‑Abs only. On
the other hand, among CA19‑9‑positive patients, 12 out of
59 (20%) were positive for CA19‑9 only. This tendency was
also found in the complete resection group (Fig. 4B). Among
s‑RalA‑Abs‑positive patients, 21 out of 35 (60%) were positive
for s‑RalA‑Abs only. On the other hand, among CA19‑9‑positive
patients, 5 out of 26 (19%) were positive for CA19‑9 only. The
s‑RalA‑Abs single positive rate was significantly higher than
that for CA19‑9 (P=0.002).
Relapse‑free survival in patients in the completed resection
group. Fig. 5 shows the relapse‑free survival of 246 patients
with complete resection according to the preoperative serum
marker status. Patients with a positive preoperative status
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Table I. Comparison of clinicopathological features among 314 patients with colorectal cancer according to s‑RalA‑Abs status.
Variable

Total number
(n=314)

s‑RalA‑Abs positive
(n=45)

s‑RalA‑Abs negative
(n=269)

P‑valuee

Age (years)				
0.75
≥65
172
26
146
<65
142
19
123
Sex				0.51
Male
194
30
164
Female
120
15
105
a
Location
			0.73
Rectum
107
16
91
Colon
192
25
167
Tumor depthb
			0.64
T4
46
7
39
T1,T2,T3
234
30
204
Lymph node metastasisc
			0.59
Positive
116
17
99
Negative
166
20
146
Stage				0.29
0/I
71
6
65
II
86
14
72
III
78
13
65
IV
64
8
56
Recurrence
15
4
11
Complete resection				
No
68
10
58
1.00
Yes
246
35
211
Histologyd
			
Muc, Por
18
0
18
0.087
Tub1, Tub2
285
43
242
Adjuvant chemotherapy				
No
79
10
69
0.22
Yes
85
17
68
CEA (cut off, 5.0 ng/ml)				
Positive
129
21
108
0.42
Negative
185
24
161
CA19‑9 (cut off, 37.0 U/ml)				
Positive
59
7
52
0.69
Negative
255
38
217
exclude rec., n=15; bexclude rec., n=15 and unknown, n=19; cexclude rec., n=15 and unknown, n=17; dexclude unknown, n=11; eFischer's
exact probability test.
a

for tumor markers were significantly associated with poor
prognosis.
Relapse‑f ree sur vival according to tumor marker
combination status for patients in the complete resection
group. Fig. 6 shows a comparison of relapse‑free survival
according to tumor marker combination status. Among
CEA(‑) patients, the s‑RalA‑Abs(+) group showed worse
relapse‑free survival than the s‑RalA‑Abs(‑) group; however,

the difference was not statistically significant. On the other
hand, in the CEA (+) groups, the s‑RalA‑Abs(+) group
showed significantly worse relapse‑free survival than that
of the RalA‑Abs(‑) group (P=0.038). The double‑positive
s‑RalA‑Abs(+)/CEA(+) group showed the worst relapse‑free
survival.
Univariate and multivariate analyses of risk factors for
relapse‑free survival in the complete resection group. Table II
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Figure 2. Positive rates for combined serum RalA antibodies, CEA and CA19‑9 in all patients. The positive rate was 53% for all three markers in all patients.
The positive rate of combined CEA/s‑RalA‑Abs was higher than that of combined CEA/CA19‑9, although the difference was not statistically significant.
CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9; s‑RalA‑Abs, serum RalA antibodies.

Figure 3. Positive rates for serum markers in patients with colorectal cancer according to stage. In patients at stage 0/I, the positive rates of s‑RalA‑Abs, CEA,
CEA/CA19‑9, CEA/s‑RalA‑Abs and CEA/CA19‑9/s‑RalA‑Abs were 8, 13, 13, 18 and 18%, respectively. At stage 0/I, II, and III, the positive rates of combined
CEA/s‑RalA‑Abs were higher than that of combined CEA/CA19‑9, although the differences were not statistically significant. s‑RalA‑Abs, serum RalA
antibodies; CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9.

shows the association of risk factors with relapse‑free survival.
Univariate and multivariate analyses revealed that T4, lymph
node metastasis, and CEA(+)/s‑RalA‑Abs(+) double‑positivity
were significant poor risk factors for reduced relapse‑free
survival.
Discussion
The overall s‑RalA‑Abs positive rate was 14% in colorectal
cancer patients. However, s‑RalA‑Abs status was not associated
with any clinicopathological factors and was not associated
with CEA and CA19‑9 status. Combined CEA/s‑RalA‑Abs and

CEA/CA19‑9/s‑RalA‑Abs showed higher positive rates than
CEA/CA19‑9; however, this difference did not reach statistical
significance. The s‑RalA‑Abs(+) group showed poor relapse‑free
survival, particularly in the CEA(+) group.
The s‑RalA‑Abs positive rate was not high using a single
biomarker. Since s‑RalA‑Abs was independent of CEA or
CA19‑9, it could be useful to apply this in combination with
CEA. Although the s‑RalA‑Abs positive rates in patients with
esophageal cancer gradually increased in association with tumor
stages (13), we were unable to confirm a similar tendency in
colorectal cancer patients. In the present study, the s‑RalA‑Abs
positive rate of stage 0/I/II was similar to that of stage III/IV.
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Figure 4. Relationship between serum RalA antibodies, CEA, and CA19‑9 status. (A) Total number of patients (n=314). (B) Total number of patients with
complete tumor resection (n=246). The single‑positive rate of s‑RalA‑Abs was significantly higher than that of CA19‑9 (*P=0.002). R0, complete resection.
P‑value: Fischer's exact probability test.

Figure 5. Relapse‑free survival of the complete resection group according to serum marker status (n=246). A total of 246 patients underwent completed resection.
Relapse‑free survival according to (A) s‑RalA‑Abs, (B) CEA and (C) CA19‑9 status is presented. Patients with a positive preoperative tumor marker status
were significantly associated with poor prognosis. s‑RalA‑Abs, serum RalA antibodies; CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9.

Although s‑RalA‑Abs was not associated with tumor
stage, the s‑RalA‑Abs(+) group showed a significantly poor
relapse‑free survival. The malignant potential of RalA(+)
cancer cells was partly explained by the biological effects
of the RalA molecule on cancer progression and/or metas‑
tases (24,25). Interestingly, these effects of s‑RalA‑Abs seemed
to be limited in the CEA(+) group. However, the potential
mechanisms for the biological effects of RalA/s‑RalA‑Abs
remain unclear.

The present study has two major limitations. First,
s‑RalA‑Abs titers were not monitored after surgery. Previous
studies based on s‑p53‑Abs monitoring after surgery showed
that the presence of s‑p53‑Abs, even after surgery, indicated
residual cancer cells (26). Therefore, further assessment should
be performed in future. Second, there was a lack of data for
RalA immunoreactivity of the tumor cells. Since RalA is a
tumor antigen that induces serum antibodies, there may have
been tumor cell overexpression of RalA protein in the sera of
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Table II. Analysis of the risk factors associated with relapse‑free survival in patients with colorectal cancer patients with complete
resection (n=246).

Variable

Univariate
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Total number
P‑valuee

Multivariate
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Hazard ratio
95% CI
P‑valuef

Age (years)		
0.51			
≥65
109				
<65
137				
Sex		
0.11
1.65
0.97‑2.80
0.063
Male
148				
Female
98				
a
Location
0.48			
Rectum
83				
Colon
156				
b
Tumor depth
<0.001
2.29
1.18‑4.45
0.015
T4
22				
T1,T2,T3
217				
c
Lymph node metastasis
<0.001
2.84
1.71‑4.71
<0.001
Positive
83				
Negative
156				
Histrogyd
0.24			
Muc, Por
12				
Tub1, Tub2
232				
s‑RalA‑Abs (+)/CEA (+)		
<0.001
2.35
1.06‑5.20
0.035
Yes
13				
No
233				
CEA(+)/CA19‑9(+)		
0.071
1.75
0.74‑4.13
0.20
Yes
17				
No
229				
exclude rec., n=7; bexclude rec., n=7; cexclude rec., n=7; dexclude unknown, n=2; eLog‑rank test; fCox proportional hazards model. CI, confi‑
dence interval.
a

Figure 6. Relapse‑free survival of the complete resection group according to s‑RalA‑Abs and CEA status. Among patients with a status of CEA (+), the
s‑RalA‑Abs (+) group demonstrated significantly poorer relapse‑free survivals than the‑RalA‑Abs (‑) group (P= 0.038). The double‑positive s‑RalA‑Abs
(+)/CEA (+) group demonstrated the poorest relapse‑free survival. s‑RalA‑Abs, serum RalA antibodies; CEA, carcinoembryonic antigen.

MOLECULAR AND CLINICAL ONCOLOGY 14: 18, 2021

the s‑RalA‑Abs(+) group. Such a positive association has been
confirmed in patients with esophageal cancer (13).
In conclusion, although the positive rate was not high,
s‑RalA‑Abs may be a candidate biomarker to detect colorectal
cancer and may also be a useful predictor of poor relapse‑free
survival in colorectal cancer patients after curative resection.
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