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Educational purpose

Pancreatic ductal adenocarcinoma (PDAC) is a rapidly progressive malignancy that exhibits an extremely poor
prognosis, with most cases diagnosed at an advanced stage. To date, few reports have explored the natural
history of PDAC, and the period leading up to the detection of PDAC as a tumor with contrast-enhanced com-
puted tomography (CECT) remains unclear. Here, we report 3 PDAC cases diagnosed incidentally by repeating
imaging examinations during observation of other organ cancers.

Two patients were undergoing postoperative follow-up for colorectal cancer; owing to the elevation of serum
CA19-9 or dilatation of the main pancreatic duct, both cases were finally diagnosed with PDAC. Another pa-
tient was administered neoadjuvant chemotherapy for a gastrointestinal stromal tumor; the fluorodeoxyglu-
cose uptake in the pancreas with fluorodeoxyglucose positron emission tomography for the treatment assess-
ment led to the diagnosis of PDAC. All patients underwent frequent CECT for assessment of other diseases,
and PDAC became visible with CECT within 3—4 months of the appearance of indirect findings of PDAC.

The period leading up to the detection of PDAC as a tumor with CECT was approximately 3-4 months. These cases
suggest that additional imaging examinations should be performed when the indirect findings of PDAC are
noted. This report adds value to the literature by elucidating the natural course of PDAC.
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Background

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
aggressive malignancies, and it has an increasing prevalence.
Globally, pancreatic cancer is the seventh leading cause of
cancer-related mortality [1]. Studies have reported that risk
factors of PDAC include chronic pancreatitis, intraductal pap-
illary mucinous neoplasm, drinking alcohol, and cigarette smok-
ing [2-5]; however, early diagnosis of PDAC is challenging even
for patients with risk factors [6]; to date, few reports have de-
scribed the natural history of PDAC [7]. While ultrasounds (US),
contrast-enhanced computed tomography (CECT), and mag-
netic resonance imaging (MRI) constitute the diagnostic mo-
dality for PDAC, endoscopic ultrasonography (EUS) has estab-
lished itself as a useful modality for detecting small PDAC [8].
Nevertheless, it remains practically impossible to frequently
perform these imaging examinations on all patients who do
not have any PDAC risk factors. Most PDAC cases are diag-
nosed at an advanced stage, and it remains unclear how long
it takes a tumor to grow to the point at which it becomes vis-
ible by diagnostic imaging. Here, we present 3 PDAC cases di-
agnosed incidentally with frequent imaging examinations dur-
ing observation of other organ cancers.

Case Report

At our hospital, 7 patients were diagnosed with PDAC during
or after chemotherapy for other malignancies between 2010
and 2018. Here, we present 3 of these cases for which CECT
was performed often. All CT scans were performed on 64-chan-
nel multidetector CT scanners (Aquilion 64; Toshiba Medical
Systems Corporation, Otawara, Japan). All CT images (slice
thickness, 5 mm) of the equilibrium phase were obtained with
a fixed delay of 180 s after administering the contrast injection.

Case 1

A 66-year-old man was under observation after adjuvant che-
motherapy (FOLFOX; 5-fluorouracil, leucovorin, oxaliplatin,
intravenously) following surgery for sigmoid colon cancer.
As serum carbohydrate antigen (CA19-9) rose to 47 U/mL af-
ter 11 months of surgery, colon cancer recurrence was sus-
pected, but colonoscopy revealed no local recurrence of co-
lon cancer. Accordingly, CECT was performed, and it did not
reveal recurrence of colon cancer or obvious abnormal find-
ings of the pancreas (Figure 1A). A 3-month follow-up CECT
scan retrospectively found a tiny, low-density area in the unci-
nate process of the pancreas (Figure 1B); however, it could not
be confirmed as PDAC at that time. After another 3 months,
serum CA19-9 rose to 787 U/mL, and CECT revealed that the
low-density area had increased and become recognizable
(Figure 1C). Thus, EUS-fine-needle aspiration (EUS-FNA) was
performed, and the pathological findings of the specimens in-
dicated well-differentiated adenocarcinoma. Accordingly, pan-
creaticoduodenectomy was performed, and the pathological di-
agnosis was invasive ductal adenocarcinoma of the pancreas,
T2 N1 MO, stage IIB (Union for International Cancer Control,
8" edition). The patient died due to the PDAC recurrence 25
months postoperatively.

Case 2

A 72-year-old man was followed up after adjuvant chemo-
therapy (FOLFOX) after removal of ascending colon cancer.
Although CECT performed 18 months postoperatively revealed
no tumor in the pancreas (Figure 2A, 2B), the one performed
after 4 months revealed the dilatation of the main pancreatic
duct, without a visible tumor (Figure 2C, 2D). EUS detected
a low echoic mass in the pancreatic body, and we performed
EUS-FNA. The pathological findings of the specimens showed
moderately-differentiated adenocarcinoma. After 1 month,

Figure 1. CECT images of Case 1. (A) Axial CECT image obtained with 5-mm slice thickness 6 months before diagnosis of PDAC
shows no abnormal findings in the pancreas. (B) Axial CECT image obtained 3 months before diagnosis shows a tiny
low-density area in the uncinate process of the pancreas retrospectively. (C) Axial CECT image obtained at time of di-
agnosis revealed that the low-density area had increased and become recognizable.
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Figure 2. CECT images of Case 2. (A) Axial CECT image obtained 5 months before diagnosis showed no pancreatic tumors.
(B) The main pancreatic duct was not dilatated. (C) Axial CECT image obtained 1 month before diagnosis showed no
visible tumor in the pancreas. (D) CECT revealed dilatation of the main pancreatic duct. (E) Axial CECT image obtained
preoperatively revealed a low-density mass in the pancreas.

preoperative CECT revealed a low-density tumor in the pan-
creatic body (Figure 2E). Pancreaticoduodenectomy was per-
formed, and the pathological diagnosis was invasive ductal
adenocarcinoma of the pancreas, T1c N1 MO, stage IIB. The pa-
tient was alive without recurrence 15 months postoperatively.

Case 3

A 70-year-old man with a gastrointestinal stromal tumor
(GIST) of the rectum underwent neoadjuvant chemotherapy
(imatinib; orally administrated). Four months after treatment
initiation, fluorodeoxyglucose positron emission tomography
(FDG-PET) revealed mild-enhanced FDG uptake in the pan-
creatic body, which had not been noted before treatment
(Figure 3A, 3B). However, CECT did not show a pancreatic tu-
mor (Figure 3C). After 3 months, CECT revealed a slightly low-
density area in the pancreatic body, but the tumor remained
unclear (Figure 3D). Accordingly, a laparoscopic low anterior
resection was performed for the rectal GIST. Three months
postoperatively, a pancreatic tumor became clearly visible on
CECT (Figure 3E). The pathological findings of the specimens
obtained by EUS-FNA showed moderately-differentiated ade-
nocarcinoma. The patient underwent distal pancreatectomy;
the pathological diagnosis was invasive ductal adenocarcinoma
of the pancreas, T4 N1 MO, stage IIl. As a left lung nodule ap-
peared 3 years after the pancreatic surgery, a thoracoscopic
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left lower lobectomy was performed. Pathological findings in-
dicated adenocarcinoma, and the lung tumor was diagnosed
with metastasis of PDAC based on immunostaining results.
Although he experienced recurrence of PDAC, he was alive af-
ter receiving chemotherapy.

Discussion

Despite recent progress in diagnostic imaging, the early detec-
tion of PDAC remains challenging, and most PDAC cases are di-
agnosed at an advanced stage. Although US is recommended
for PDAC screening, variations have been reported in the sen-
sitivity and specificity among patients [9]. Reportedly, multi-
detector-row CT enhances the sensitivity and specificity of the
detection of small PDAC [10], but it remains inadequate, and
a dynamic study of CT has been reported to be necessary for
the PDAC diagnosis [11]; the diagnostic ability of MRI has been
reported to be equivalent to that of CECT [12]. Compared to
other diagnostic modalities, EUS is a useful modality for diag-
nosing PDAGC, as it can detect PDAC with markedly higher sen-
sitivity, with a pancreatic tumor detection rate of 90% [13,14].
In addition, EUS can effectively detect small PDAC [8]. However,
EUS is not widely used in the general practice, and it is an inva-
sive examination compared with other imaging methods [15].
Although FDG-PET reportedly has superior diagnostic ability
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Figure 3. FDG-PET and CECT images of Case 3. (A) FDG-PET image obtained 10 months before diagnosis showed no abnormal
FDG uptake in the pancreas. (B) The FDG-PET image obtained 6 months before diagnosis revealed FDG uptake in the
pancreatic body. (C) Axial CECT image obtained at the same time as B showed no visible tumor in the pancreas. (D) Axial
CECT image obtained 3 months before diagnosis showed a slightly low-density area in the pancreatic body. (E) Axial
CECT image obtained at the time of diagnosis shows the pancreatic tumor has become clearly visible.

for PDAC, the ability to detect small PDAC varies in the litera-
ture, and the assessment of early diagnosis of PDAC remains
undetermined [16-18]. Owing to the limitation of diagnostic
imaging, the efficacy of liquid biopsy has been reported for
the early diagnosis of PDAC, although no established benefit
exists at present [19].

In our cases, we did not perform a dynamic study of CT because
CECT was performed for assessing other diseases. Although all
patients underwent CECT every 3-4 months, confirming the
pancreatic tumor at an early stage with nondynamic CECT study
was challenging. In a previous report, the volume-doubling time
of pancreatic cancer in CT was 132 days on average [7]; simi-
lar tumor growth times were assumed in our cases. According
to previous reports [20,21], a history of nonpancreatic primary
cancers increases the risk of subsequent PDAC, particularly in
cases of colorectal cancer. As 2 of our cases had a history of
colorectal cancer, we should have been more careful regard-
ing the development of PDAC. Moreover, it has been reported
that a history of other cancers is associated with a better prog-
nosis of PDAC, and the intensive surveillance of a prior cancer
may contribute to the early detection of PADC [21]. Although
we could detect PDAC without distant metastasis by repeating
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CECT, early detection was impossible. In our cases, we should
have investigated earlier by combining imaging examinations,
including EUS, because we found indirect findings, such as the
elevation of the tumor marker, the dilatation of the main pan-
creatic duct, and the enhanced FDG uptake. In these cases,
PDAC became visible as a tumor with CECT after 3-4 months
from the appearance of indirect findings, and we should not
have missed the timing of additional imaging examinations
when the indirect findings of PDAC were noted.

Conclusions

In our cases, the period leading up to the detection of PDAC
as a tumor with CECT was considered to be approximately 3-4
months. There are few reports that describe the natural his-
tory of PDAG, and no report has assessed the period until the
discovery of PDAC by performing frequent CECT. This is a sug-
gestive report following the natural course of PDAC.
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