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The diagnostic accuracy of routine abdominal sonography for the detection of pancreatic cancer
was examined. During the one-year period of 1994, sonographic examination of the upper ab-
dominal region was performed 12,761 times on a total of 9410 patients for the screening of
abdominal disorders. In 655 cases (7%) part of the pancreas could not be observed. Based on
the "Diagnostic criteria for pancreatic cancer" published by the Japanese Society of Ultrasound
in Medicine, sonographic finding was evaluated to be positive for pancreatic tumor in a total
of 411 cases. At the end of 1995, 51 patients were proven to have pancreatic cancer, and 45
of these cases were ductal adenocarcinoma. In 26 cases the tumor was surgically resected. Fifty
cases were true sonographic positives and one was a false negative. The sensitivity, specifici-
ty, overall accuracy, and positive and negative predictive values of sonography for pancreatic
cancer were 98.0%, 95.9%, 95.9%, 12.2% and 100.0%, respectively. Among the 50 true posi-
tive cases, the tumor diameter was less than 1 cm in four (8%). In conclusion, the diagnostic
accuracy of sonography for the detection of pancreatic cancer is sufficiently high. Therefore,
a detailed study aimed at mass screening for pancreatic cancer using sonography as the main
modality seems warranted as a countermeasure for the rapid increase of pancreatic cancer in
Japan.

(Jpn J Clin Oncol 26: 422-427, 1996)
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Introduction

The prognosis of pancreatic cancer has been
reported to be very poor.1"3' However, recent
reports have described a better prognosis if the
cancers are small and detected early. Crist et al.l)

reported that the 5-year actuarial survival rate af-
ter surgical treatment for pancreatic cancer with-
out lymph node metastasis was quite high, 48%.
Ishikawa et al.4) summarized 32 reported cases of
small pancreatic cancer measuring 1 cm or less, and
described a good 5-year survival of 67% after sur-
gery. Moreover Nakaizumi et a/.5' reported that
cytologically-diagnosed in situ pancreatic cancer or
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cancer with minimal invasion could be expected to
have a good long-term prognosis. Hence, early de-
tection of pancreatic cancer with a highly sensitive
modality is required to improve the prognosis of
this disease.

Following the introduction of real-time sonogra-
phy, the diagnostic accuracy of ultrasonographic ex-
amination (US) for hepatocellular carcinoma has
improved markedly,6-v and a mass survey with US
was reported to be effective for early diagnosis of
hepatocellular carcinoma.8' Although the pancreas
has been considered difficult to visualize by US,9)

introduction of the convex-type probe has brought
an obvious improvement in the visualization of this
organ.

Furthermore, many reports2"4' have described
that US has been the major aid for initial detection
of resectable pancreatic cancer.

In the present study, the diagnostic accuracy of
routine abdominal US for pancreatic cancer was ex-
amined retrospectively, and the possibility of mass
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Table I. Diagnostic Criteria for Pancreatic Cancer

Existence of pancreatic tumor10'
A. Definite

1: Markedly abnormal echoic area* (echo level,
pattern, boundary)

2: Abnormal echoic area with dilatation of the distal
pancreatic duct

3: Abnormal echoic area with stenosis or obstruction
of the common bile duct in the pancreas and the
pancreatic area

4: Abnormal echoic area with localized swelling of the
pancreas

B. Suspected mass
1: Abnormal echoic area in the pancreas
2: Abnormal echoic area in the vicinity of the pancreas
3: Localized swelling of the pancreas including the

pancreatic margin
C. Further examination recommended

. 1: Dilatation of the pancreatic duct
2: Dilatation of the common bile duct and/or swelling

of the gallbladder

Remarks: *, an abnormal echoic area is defined as one which is either
lighter or darker, more or less dense, and with a different arrange-
ment of echoic elements than the surrounding tissues. In addition,
there is a clearly discernible border and a change from the normal
echoic patterns.

screening for pancreatic cancer was assessed.

Patients and Methods

During the one-year period from January 1 to
December 31, 1994, US of the upper abdominal
region was performed 12,761 times on a total of
9410 patients (5309 males and 4101 females; age
range: 14-96 years; mean: 59 years) at the hospi-
tal of the Osaka Medical Center for Cancer and
Cardiovascular Diseases. US was performed routine-
ly by several well trained sonographers and doctors
specializing in gastroenterology. The US took about
15 min. for each patient in a supine position and
sometimes in a sitting position. Requests for US
were received from various departments of our
hospital and sometimes from other hospitals, for
the screening of abdominal disorders.

The instruments used were a EUB-565, EUB-450
and EUB-40 with 3.5- and 5-MHz convex probes
(Hitachi, Tokyo), and a UM9-HDI with 3- and 4
to 7-MHz convex probes (ATL, Seattle, WA).

Based on the "Diagnostic criteria for pancreatic
cancer" (Table I), published by the Japanese Soci-
ety of Ultrasound in Medicine,10' the existence of
pancreatic tumors was evaluated using three ranks:
definite (A), suspected (B) and further examination
recommended (C). For the final diagnosis of pan-

Table II. Results of US Findings According to the Criteria
for Pancreatic Cancer

US findings No. of
positive cases

Pancreatic cancer
(<1 cm)

Definite
A-1 (solid)

(cystic)
A-2*
A-3
A-4

62
118
40
10
7

15
2(1)

19(2)
7
3

Suspected
B-l
B-2
B-3

Further exam.
C-l*
C-2

Total

5
2
8

recommended
122
37

411

0
2
0

1 (1)
1

50(4)

*A-2, C-l: 3 mm or more is regarded as dilatation of the pancreatic
duct.

creatic cancer, all subjects were checked against the
Cancer Registry in our hospital at the end of 1995.
For patients who ceased attending, their recent
physical condition was confirmed by telephoning
the patients or their families.

Results

US Findings

Of the 9410 cases, the pancreas was successfully
observed and evaluated by US in 8755 (93.0%). In
the remaining 655 cases, part of the pancreas could
not be visualized clearly, although no abnormal US
findings were detected. The results of US are
shown in Table II: 237 cases were ranked as A, 15
as B and 159 as C.

For the total of 411 patients with positive US
findings, CT, ERCP, pancreatic juice cytology,
repeated US and/or other examinations were per-
formed.

Pancreatic Cancer Cases

Of the 9410 patients, 51 (0.54%) (31 males and
20 females) were proven to have pancreatic cancer
by the end of 1995. Of these cases, 36 (71%) were
histologically proven to be pancreatic cancer, and
the remaining cases were cytologically proven. The
cancers included 45 ductal adenocarcinomas, two
cystadenocarcinomas, one adenosquamous cell car-
cinoma and three islet cell carcinomas. The patients
ranged in age from 30 to 54 years (mean: 42 years)
for islet cell carcinoma and 41 to 81 years (mean:
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Table III. Final Diagnoses of Cases
Findings

Pancreatic cancer
Other pancreatic diseases

benign pancreatic tumor
metastatic pancreatic cancer
tumor-forming pancreatitis
benign pancreatic cyst
chronic pancreatitis
pancreatic swelling

Cancer of neighboring organs
Idiopathic cholangio dilatation
Choledochal stone
Lymph node swelling
Normal intestine
No focal lesion
Others

Total

with Positive

50
171

6
3
2
8
8

150
13

411

US

5
3
4

125
29
5

61 years) for the other carcinomas. The tumor was
located in the pancreatic head in 27 cases, the body
in ten, the tail in five, the head to body in four
and the body to tail in five. Eight lesions (16%)
were smaller than 2 cm in diameter, and four (8%)
were smaller than 1 cm. In 26 cases (51%), surgi-
cal resection of the tumor was performed, and in
11 other cases (22%) infusion chemotherapy and/or
anastomosis was performed. In the remaining 14
cases, conservative treatment with'mild chemother-
apy was performed.

Diagnostic Accuracy

Of the 51 pancreatic cancer cases, 46 were diag-
nosed as rank A, two as rank B and two as rank
C by US. The remaining case was a false-negative.
Of the 8755 cases in which the pancreas could be
observed and evaluated by US, 237 (2.7%) were
ranked as A, of which 46 (19.4%) were finally di-
agnosed as pancreatic cancer. A total of 411 cases
(4.7%) were ranked as A, B or C. The final diag-
noses of these cases are shown in Table III. Fifty
patients (12.2%) were proven to have pancreatic
cancer, and 171 (41.6%) had other pancreatic dis-
eases. One hundred fifty patients were proven by
other modalities not to have focal lesions, and 13
showed no symptoms and were followed up for
one to two years after the US examination.

Thus, when only rank A was regarded as posi-
tive, the sensitivity, specificity, overall accuracy, and
positive and negative predictive values of US for
the detection of pancreatic cancer were 90.2%,
97.8%, 97.9%, 19.4% and 100.0%, respectively.
When the total of ranks A, B and C were regard-
ed as positive, the figures were 98.0%, 95.9%,
96.2%, 12.2% and 100.0%, respectively.

Fig. 1. Longitudinal pancreatic sonogram of a true
positive case. A dilated (5 mm) pancreatic duct (arrow heads)
is shown running through the middle of the hyperechoic
pancreas (arrows). Though no focal lesion was detected by
any imaging modalities, a cytologic examination of the pure
pancreatic juice showed positivity for cancer. Following the
intraoperative cytodiagnosis, ductal adenocarcinoma located
in the head was resected.18'

Small Cancers

There were four cases where the tumor was-less
than 1 cm in diameter. These included two ductal
adenocarcinomas, a cystoadenocarcinoma and an is-
let cell carcinoma, in each of these four cases, US
findings were positive and radical curative surgical
resection was performed. The US findings in these
four cases were pancreatic duct dilatation (Fig. 1)
in one case, small cystic lesion in one case, and a
hypoechoic lesion with distal pancreatic duct dilata-
tion in two cases.

False-negative Case

In one case, no abnormal findings were detected
by US, but pancreatic cancer was confirmed later.
A retrospective review of the sonogram in this case
revealed slight dilatation (about 2 mm or less) of
the main pancreatic duct in the body to tail portion
(Fig. 2a). Thirteen months later, US was performed
again for screening when the patient was asympto-
matic. A 15-mm faint hypoechoic lesion was detect-
ed in the body, with 4-mm dilatation of the distal
pancreatic duct (Fig. 2b). After further examina-
tion, a 15-mm ductal adenocarcinoma was resected
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Fig. 2. Longitudinal pancreatic sonograms of a false negative case, (a) Only slight dilatation (<2 mm) of the
main pancreatic duct (arrow) is shown in the body, (b) (13 months later): A faint hypoechoic lesion 15 mm in di-
ameter (arrow heads) with distal dilatation of the pancreatic duct (arrows) is visualized.

by radical curative surgery.

Discussion

There have been various reports""16* concerning
the diagnostic accuracy of various imaging modal-
ities for pancreatic cancer, but most of them have
dealt with only selected cases where pancreatic
cancer was suspected or patients with pancreatitis.
DelMaschio et al.n) examined the accuracy of
CA19-9, US, CT and fine-needle biopsy for
differential diagnosis of pancreatic cancer from
pancreatitis, and concluded that US should be per-
formed first for screening because of its high nega-
tive predictive value.

In the present study, the accuracy of routine US
for detection of pancreatic cancer was examined.
The results showed a high negative predictive value
of 100.0% and a sensitivity of 98%. The positive
predictive value was not high at 12.2%, since only
pancreatic cancer cases were considered to represent
a positive result. Among patients with a false posi-
tive result, 47% (171/361) had some disorder of the
pancreas. However, in general, a high sensitivity or
high negative predictive value is much more impor-
tant than a positive predictive value for screening.
In our series, part of the pancreas could not be ob-

served in 7% of the subjects. Therefore, spiral CT
or other modalities will be necessary for cases in
which pancreatic disorder is suspected and the pan-
creas cannot be observed in its entirety by US.

According to the cancer mortality and morbidity
statistics for Japan,17' the age-adjusted death rate
per 100,000 population due to pancreatic cancer in
Japan was less than two for both sexes until 1952.
However, it increased rapidly thereafter, surpassing
the rate among white Americans and for some
European countries during the period 1983-1987.
The rate in Japan reached 12.2 for males and 7.2
for females in 1990,17) and a further increase is
predicted in the near future. Therefore, counter-
measures to combat this increase in pancreatic
cancer are now required.

Meanwhile, three conditions must be satisfied to
warrant the introduction of mass screening for
cancers: non-invasive and accurate diagnostic mo-
dality, existence of an established curative therapy,
and cost effectiveness.

As to the first condition, it has been clearly
demonstrated in the present study that US, a non-
invasive imaging modality, has a high diagnostic ac-
curacy of more than 95% in terms of both sensi-
tivity and specificity for the detection of pancreatic
cancer.
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As to the second condition, recent reports5'18)

have described that pancreatic cancer is curable if
it is diagnosed in an early stage.

Cost efficiency, the third condition, means that
the cost of examination to detect one curable
cancer must be reasonable. This is related to the
examination cost per person and the incidence of
cancer cases in the study population. Although, the
incidence of pancreatic cancer has become higher,
it is still low in comparison with that of hepatocel-
lular carcinoma or gastric cancer.

Based on the age- and sex-specific pancreatic
cancer mortality rates in Japan (1990), we propose
that only males aged 45 to 74 years and females
aged 50 to 74 years should be included, since these
represent the group in which the pancreatic cancer
mortality rate is more than five per 100,000 popu-
lation and who can also tolerate radical surgery. As
a result, the expected incidence of pancreatic cancer
would become 0.021% (0.024% for men and
0.017% for women). This value is considered to be
rather low for cost-effective mass screening.

With regard to periodic check-ups for hepatocel-
lular carcinoma by US,8) started in 1987 and con-
tinued successfully, the subjects were previously
limited to those at high risk of the disease. Thus
the incidence of cancer cases among the subjects
was rather high at more than 3% in one year. It
is desirable to establish proper criteria for deciding
"high-risk" for pancreatic cancer. Many retrospec-
tive or prospective studies have "attempted to do
this using the presence of symptoms, elevation of
the serum amylase level,2'3'19) or elevation of the
serum CA 19-9 and elastase-1 levels.19"22' However,
these trials resulted in detection of only advanced
cases, and the establishment of "high-risk" criter-
ia was reported to be very difficult.

On the other hand, Inamoto et al.19> reported
the results of an abdominal mass survey using US,
based on a questionnaire distributed to 14 institu-
tions. According to their report, the incidence of
pancreatic cancer among the subjects was low at
0.011%, but small (<2 cm) cancers were included
at a higher rate of 30% compared with the rate
based on the data from the national registration of
pancreatic cancer.3'

However, the use of US as a first choice for the
screening of pancreatic cancer may be considered
expensive. According to Mihara et al.,23) more
than ten times the number of malignant cases other
than pancreatic cancer are also detectable by mass
screening with US. Considering the present situa-
tion, therefore, the criteria used for defining pa-
tients at high risk for pancreatic cancer must be
settled by US.

In our series, there was one false-negative case in
which the tumor was detected at the next US ex-

amination performed 13 months after the first,
when the cancer was still curable. Here, slight dila-
tation of the main pancreatic duct was evident
upon retrospective review of the first sonogram.
Also, all of four cancers less than 1 cm in diameter
showed positive US findings.

Thus, it seems reasonable to perform periodic ex-
aminations once a year, and every three or six
months for cases showing slight (less than 3 mm)
pancreatic duct dilatation. This contrasts with the
examination of all subjects every three or six
months for hepatocellular carcinoma.

In conclusion, to counteract the rapid increase in
the mortality rate due to pancreatic cancer, and for
improving the diagnostic accuracy and prognosis af-
ter treatment, a detailed study aimed at mass
screening for pancreatic cancer is warranted.
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