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Abstract

AIM: To distinguish acinar cell carcinoma (ACC) from
pancreatic adenocarcinoma (AC) by comparing their
computed tomography findings.

METHODS: Patients with ACC and AC were identified
on the basis of results obtained using surgically resect-
ed pancreatectomy specimens. The preoperative com-
puter tomographic images of 6 acinar cell carcinoma
patients and 67 pancreatic adenocarcinoma patients
in 4 phases (non-contrast, arterial, portal venous, and
delayed phase) were compared. The scan delay times
were 40, 70, and 120 s for each contrast-enhanced
phase. The visual pattern, tomographic attenuation
value, and time attenuation curve were assessed and
compared between AC and ACC cases using the »°
test, Wilcoxon signed-rank test, and Mann Whitney U
test.

RESULTS: The adenocarcinomas tended to be hy-
podense in all 4 phases. The acinar cell carcinomas also
tended to be hypodense in the 3 contrast-enhanced
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phases, although their computed tomographic attenu-
ation values were higher. Further, 5 of the 6 acinar cell
carcinomas (83%) were isodense in the non-contrast
phase. The time attenuation curve of the adenocarcino-
mas showed a gradual increase through the 4 phases,
and all adenocarcinomas showed peak enhancement
during the delayed phase. The time attenuation curve
of the acinar cell carcinomas showed peak enhance-
ment during the portal venous phase in 4 cases and
during the arterial phase in 2 cases. None of the 6 aci-
nar cell carcinomas showed peak enhancement during
the delayed phase.

CONCLUSION: The tumor density in the non-contrast
phase and time attenuation curve pattern clearly differ
between acinar cell carcinomas and adenocarcinomas,
and multidetector-row computed tomography can thus
distinguish these tumors.

© 2013 Baishideng. All rights reserved.
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Core tip: The tumor density in the non-contrast phase
and time attenuation curve pattern clearly differ be-
tween acinar cell carcinoma and adenocarcinomas,
although both tumors tend to be hypodense in the
contrast-enhanced phases.
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INTRODUCTION

Acinar cell carcinoma (ACC) is a rare malignant epithelial
neoplasm that exhibits exocrine enzyme production, and
it accounts for approximately 1% of all pancreatic neo-
plasms!. ACCs have been reported to be bulky tumors
that mainly occur in the pancreatic head”, and recent
reports have shown that ACCs are often accompanied
by intratumoral necrosis and have various specific extra-
parenchymal progression patterns, such as intraductal
tumor growth (ITG) and venous tumor thrombus
(VIT)P”, Several reports have described the computed
tomography (CT) findings of ACC: it is typically solitary
and is accompanied by an intratumoral hypodense area
when large. In terms of the visual pattern, although a few
hyperdense ACCs have been reported, most ACCs have
been reported to be hypodense on contrast-enhanced
CT"™", Despite these previous reports on imaging find-
ings, the correct preoperative diagnosis of ACC remains
difficult, and ACC is often misdiagnosed as another
hypodense pancreatic tumor, namely, adenocarcinoma
(AC)",

ACCs had been previously considered equally aggres-
sive as ACs"™>" and pretreatment differentiation between
ACC and AC was not considered important. However,
in recent years, increasing evidence has shown that ACCs
are characterized by less aggressive growth and that ACC
shows significantly better long-term survival than ACM
Further, although no consensus has been reached on sut-
gery for metastatic ACCs, a few reports have described
a good prognosis after resection of limited metastatic
disease. Because the malighant potential of ACC and AC
is significantly different, correct pretreatment distinction
between these two tumors is very important.

This study aims to elucidate the characteristic CT
findings of ACC to allow accurate diagnosis of even
small ACCs. The visual pattern, CT attenuation value, and
time attenuation curve (TAC) pattern of ACCs on 4-phase
multidetector-row computed tomography (MDCT) were
retrospectively reviewed, and the results were compared
with those of ACs.

MATERIALS AND METHODS

Patients

The study design was approved by the institutional review
board. Informed consent was not required because the
review of the patients’ data was anonymous. After a thor-
ough search of the computerized database of the Hepa-
tobiliary Pancreatic Surgery Division from April 2006 to
March 2011, 6 patients with ACC and 88 patients with
AC were identified on the basis of results obtained using
surgically resected pancreatectomy specimens. Twenty-
one AC patients were excluded because CT attenuation
values for these tumors could not be measured accurately
for the following reasons: halation of indwelling biliary
drainage tube (11 ACs), small size and unclear tumor
margin (9 ACs), and allergy to contrast media (1 AC).
MDCT images of the 6 ACC patients and the remaining
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67 AC patients were comparatively reviewed.

MDCT examination

All MDCT studies were performed using a scanner with
16 rows of detectors (Aquilion 16; Toshiba Medical
Systems, Tokyo, Japan). CT images, both unenhanced
and contrast enhanced, were routinely obtained with the
patient in the supine position during full inspiration. For
contrast-enhanced imaging, 100 mL of nonionic contrast
material with iodine was administered at a rate of 3.2 cc/
s using a mechanical power injector through a 20-gauge
angiographic catheter inserted into a forearm vein. The
scan delay time was 40 s for the arterial phase, 70 s for
the portal venous phase, and 120 s for the delayed phase.
Four-phase images (1 unenhanced image and 3 contrast-
enhanced images) were routinely obtained. The scanning
parameters for each phase were 1-mm collimation, 3-mm
slice thickness, 3-mm reconstruction interval, 120 kV, and
auto mA.

Imaging analysis

MDCT images were available from the picture archiving
and communication system (PACS), and all images were
reviewed on the PACS monitor. All CT images were eval-
uated retrospectively by 2 experienced hepatobiliary and
pancreatic surgeons with 13 and 24 years of experience,
respectively. CT images were assessed for the visual pat-
tern and CT attenuation value of the ACs and ACCs. The
visual pattern of each lesion was classified as hyperdense,
isodense, or hypodense, compared to the surrounding
normal pancreatic parenchyma in each phase. The CT
attenuation value in Hounsfield units was obtained using
region of interest (ROI) analysis. To reduce the effect of
tumor heterogeneity, one ROI of the largest possible area
was identified within the tumor at the level of maximum
tumor diameter. The ROI value was calculated as the CT
attenuation value of the tumor. Three ROIs of diameter
1 cm were also identified in the normal parenchyma adja-
cent to the tumor, and the mean of the 3 ROI values was
calculated as the CT attenuation value of the surrounding
parenchyma. While defining ROIs, special attention was
paid to exclude cystic areas, calcification, the pancreatic
duct, and the surrounding vessels. TAC patterns were
drawn on the basis of each CT attenuation value, and
they were compared between the ACCs and ACs.

Pathological examination and analysis

All the ACCs and ACs in this study were surgically re-
sected, and 2 pathologists reviewed the gross appearance
of the tumor specimens and hematoxylin-eosin-stained
specimens on microscopic slides. For the ACCs, immuno-
histochemical analysis was performed for chromogranin
and synaptophysin to exclude mixed acinar-endocrine
carcinomas (MAEs).

Statistical analysis
The visual patterns of the ACCs and the ACs were com-
pared using the y° test. The CT attenuation values were
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No. Age, sex Pre diag Scheme

Location/size/surgery Intra-tumoral necrosis Intraductal tumor growth Venous tumor thrombus

1 68, M AC

E Ph/35 mm/PD
@ Pb/48 mm/DP
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(=

2 67, M AC

Pt/31 mm/DP

Phb/48 mm/PD

Pb/87 mm/DP

6 89, M ACC Pb/32 mm/DP

O

O O

O O

O O

Il Primary tumor

[] Intraductal tumor growth or venous tumor thrombus

O Histologically proven tumor-related findings

Figure 1 Clinicopathological findings of the acinar cell carcinomas. M: Male; Pre Diag: Preoperative diagnosis; AC: Adenocarcinoma; ACC: Acinar cell carci-
noma; Ph/b/t: Pancreatic head/bodyitail; PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy.

Figure 2 Acinar cell carcinomas with intraductal tumor growth. A: Case 6, computed tomography (CT) showed the primary acinar cell carcinoma (ACC) in the
pancreatic body (white arrow) and the easily recognizable widespread intraductal tumor growth (ITG) (black arrows); B: Case 5, CT shows the primary ACC in the
pancreatic body (white arrow) and the small almost-unrecognizable ITG (black arrows).

compared between each phase by using the Wilcoxon
signed-rank test. The CT attenuation values of the ACCs
and the ACs were compared by using the Mann-Whitney
U test. Data were analyzed using IBM SPSS Statics 19,
and P values less than 0.05 were considered statistically
significant.

RESULTS

Clinicopathological findings

Each pancreatic tumor had been preoperatively diagnosed
on the basis of blood examination, CT images and endo-
scopic findings at weekly hepatobiliary pancreatic confer-
ences involving radiologists, gastroenterologists, and sut-
geons. Of the ACC cases, 5 tumors had been diagnosed
as AC, and only 1 tumor (case 6) had been correctly diag-
nosed as ACC (Figure 1). In all 6 ACC cases, the patients
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were male (mean age, 69 years; range, 52-89 years). Two
patients underwent pancreaticoduodenectomy, and the
other 4 patients underwent distal pancreatectomy. The
maximum diameter of the tumors ranged from 31 to 87
mm, and the mean maximum diameter was 46.8 mm.
Five tumors showed intratumoral necrosis. Extraparen-
chymal tumor extension as ITG and VTIT was observed
in 3 patients and 1 patient, respectively (Figures 1 and 2).
All ACCs were characterized by extensive cellularity and
minimal stroma, and the tumor cells showed basophilic
cytoplasm and frequently contained eosinophilic granules
in the cytoplasm. The tumor cells were arranged in an ac-
inar pattern in 3 ACCs and in a solid pattern in 3 ACCs.
Immunohistochemical analysis showed negative reactions
for chromogranin and synaptophysin in all cases. Re-ex-
amination of the morphological characteristics, cell struc-
ture, and immunohistochemical reactions of all resected
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Figure 3 Visual patterns of the adenocarcinoma and the acinar cell carcinoma in the 4 phases. A-D: Adenocarcinoma in the pancreatic tail (circle); The tumor
was hypodense in all 4 phases (A: Non-contrast phase; B: Arterial phase; C: Portal venous phase; D: delayed phase). It showed a gradual enhancement pattern
across the phases; E-H: Case 1, Acinar cell carcinoma in the pancreatic head (circle); The tumor was isodense and undetectable in the non-contrast phase, although
calcification was identified (arrow) (E); It was hypodense in all 3 contrast-enhanced phases (F: Arterial phase; G: Portal venous phase; H: Delayed phase); Contrast

enhancement was the strongest in the portal venous phase (G).

Table 1 Visual pattern of acinar cell carcinoma and

adenocarcinoma 7 (%)

Non-contrast  Arterial Portal venous Delayed
ACC Hypo Hypo Hypo Hypo
1(17) 6 (100) 6 (100) 5(83)
6 cases Iso Iso
5(83) 1(17)
AC Hypo Hypo Hypo Hypo
53 (79) 67 (100) 67 (100) 46 (69)
67 cases Iso Iso
14 (21) 13 (19)
Hyper
8 (12)
P value P<0.01 NS NS NS

ACC: Acinar cellcarcinoma; AC: Adenocarcinoma; Hypo: Hypodense; Iso:
Isodense; Hyper: Hyperdense; NS: Not significant.

tumors excluded neuroendocrine tumors and MAEs. All
tumors were diagnosed as pure ACCs. Among 67 AC
patients, 34 AC patients were male and 33 were female
(mean age, 71.4 years; range, 34-87 years). The maximum
diameter of the tumors ranged from 12 to 105 mm, and
the mean maximum diameter was 35 mm. All tumors
were whitish, solid, and associated with dense fibrotic
stroma. None of the tumors was accompanied by signifi-
cant intratumoral necrosis. All tumors were diagnosed as
tubular adenocarcinoma; adenocarcinoma variants such
as adenosquamous carcinoma, colloid carcinoma, and
undifferentiated carcinoma were not observed.

MDCT findings
Visual pattern: Fifty-three ACs (79%) were hypodense
while 14 (21%) were isodense in the non-contrast phase
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(Figure 3, Table 1). All ACs were hypodense in the arte-
rial and portal venous phases. Forty-six ACs (69%), 13
ACs (19%), and 8 ACs (12%) were hypo-, iso-, and hy-
perdense in the delayed phase, respectively.

One ACC (17%) was hypodense and 5 (83%) were
isodense in the non-contrast phase (Figure 3, Table 1).
All ACCs were hypodense in all 3 contrast-enhanced
phases, except for 1 tumor, which was isodense in the de-
layed phase. Thus, the visual pattern was clearly different
between ACCs and ACs in the non-contrast phase (P <
0.01) (Table 1).

CT attenuation value and TAC pattern: The CT at-
tenuation values of the ACs showed a gradually increas-
ing pattern (non-contrast ss arterial, P < 0.01; arterial o5
portal venous, P < 0.01; portal venous zs delayed, P <
0.01) (Figure 4). The TAC of all 67 ACs showed peak en-
hancement during the delayed phase.

The TAC of 4 ACCs showed peak enhancement
during the portal venous phase. That of the remaining
2 ACCs showed peak enhancement during the arterial
phase, followed by a gradual decline. Unlike the ACs, the
ACCs showed significantly higher CT attenuation values
in the portal venous phase than in the delayed phase (P <
0.01) (Figure 4).

In all 3 phases (non-contrast, arterial, and portal
venous), the CT attenuation values of the ACCs were
significantly higher than those of the ACs, although the
visual patterns of the 2 tumors were clearly different only
in the non-contrast phase (Figure 5, Table 1).

DISCUSSION

Previously, ACCs were considered equally aggressive
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Figure 4 Time attenuation curve of the 67 adenocarcinomas (A) and 6 acinar cell carcinomas (B). Peak enhancement is seen during the delayed phase for all
67 acinar cell carcinomas. Meanwhile, peak enhancement is seen during the portal venous phase for 4 acinar cell carcinomas (ACCs) and during the arterial phase
for 2 ACCs. None of the 6 ACCs show peak enhancement during the delayed phase. AC: Adenocarcinomas; CT: Computed tomography; NS: Not significant.
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Figure 5 Mean computed tomography attenuation values of the tumors
and the surrounding pancreatic parenchyma in the 4 phases. In 3 phases
(non-contrast, arterial, and portal venous phase), the computed tomography
(CT) attenuation values of the acinar cell carcinomas (ACCs) were significantly
higher than those of the adenocarcinomas (ACs). NS: Not significant.

cancers as ACs'">"”. Therefore, the treatment strategy for
both tumors was essentially the same, and preoperative
differentiation between ACC and AC was not considered
important. However, in recent years, increasing evidence
has shown that ACCs exhibit less aggressive growth and
significantly better long-term survival than ACs". Two
recent large population-based studies proved the better
prognosis of ACC'"™". Schmidt ¢z a/'" reported the larg-
est ACC series of 865 patients from the National Cancer
Database, and they described the 5-year survival rates to
be 36.2% and 10.4% for the resected and non-resected
cases, respectively. The stage-specific 5-year survival was
significantly better for resected ACC than AC (stage I :
52.4% vs 28.4%; 11: 40.2% vs 9.8%; I 22.8% v5 6.8%0; IV:
17.2% vs 2.8%). These findings suggest that the survival
rate is better for ACC than for AC, and even in advanced
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ACC cases, survival can be improved by resection. Fur-
ther, although no consensus has been reached on surgery
for metastatic ACCs, a few reports have described a good
prognosis after resection of limited metastatic disease.
Hartwig et al™ reported that the overall survival did not
differ between 9 patients who underwent metastatic dis-
ease resection and 6 patients who underwent nonmeta-
static disease resection. Suzuki ez al'” reported the case
of a long-term survivor of metastatic ACC who was suc-
cessfully treated with repetitive surgery. Because surgery
might result in longer survival for ACC patients, even
those with metastatic disease, the malignant potential of
ACC and AC is thought to be significantly different, and
accurate diagnosis of ACC is very important.

Recent reports on CT have shown that ACCs are
typically solitary, and they are homogenously enhanced
when the lesion is small but may contain hypodense areas
because of necrosis if the lesion is large! "' . In terms of
the visual pattern in contrast-enhanced phases, although
a few reports described ACC to be a hyperdense tumor
in the arterial phase””, some reported that it tended to
be enhanced less than the adjacent normal pancreatic
parenchyma™'". Chiou ¢ a/'” reported on the CT mani-
festations of 8 ACCs, of which 6 were hypodense and
2 were isodense in the early arterial and portal venous
phases. As shown in previous reports, ACCs tended to be
hypodense in all 3 contrast-enhanced phases in the cur-
rent study, and hypervascular pancreatic tumors, such as
neuroendoctine tumor or metastatic renal cell carcinoma,
were not included among the preoperative differential di-
agnoses. Although several such valid imaging findings of
ACCs are available, accurate preoperative imaging-based
diagnosis of ACCs, especially small ACCs, remains diffi-
cult"”, In the current study, ACC was correctly diagnosed
on the basis of recognizable widespread ITG on CT im-
ages in only 1 case (Figure 2A). Although the character-
istic progression patterns of I'TG or VI'T were observed
in 3 other cases (cases 2, 4, and 5), ACC was not preop-
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eratively diagnosed in these cases. Because the ITG or
VTT lesions were small and continuous with the primary
tumor in these cases, they could not be considered to be
the tumor that had progressed into the pancreatic duct
ot splenic vein, and they were regarded as part of the pri-
mary tumor (Figure 2B). To identify novel indicators for
the accurate diagnosis of ACC, the CT attenuation values
of ACC were compared with those of AC, which was
the most frequently suspected disease in the preoperative
diagnosis in our ACC cases, and we found that ACCs had
a unique TAC pattern. The TAC of the ACCs showed
the peak enhancement during the portal venous phase in
the 4 ACCs, and during the arterial phase in the 2 ACCs.
None of the 6 ACCs showed the peak enhancement dur-
ing the delayed phase. This TAC pattern of ACC was
clearly different from that of AC. Several studies have
reported the CT findings of pancreatic AC, and it is well
known that AC with fibrous stroma appears hypodense
with delayed enhancement on dynamic CT?™ The ACs
in the current study also showed the gradual enhance-
ment pattern, and all 67 ACs showed the peak enhance-
ment during the delayed phase. Although the reasons for
the different TAC pattern of ACs and ACCs have not
been elucidated, we speculate that the degree of intratu-
moral fibrosis is one. Hattori ez al™ reported that the CT
attenuation value of ACs correlated negatively with the
extent of intratumoral fibrosis in 3 contrast-enhanced
phases. The scanty fibrous stroma in the ACCs might
have led to their higher CT attenuation values compared
with those of the ACs. The isodensity of most ACCs in
the non-contrast phase, which is cleatly different from
the hypodensity of most ACs, is also thought to reflect
the degree of fibrosis. In this study, 3 relatively small
ACCs (31, 32, and 35 mm in diameter) also showed the
specific TAC pattern. Thus, this TAC pattern might be
useful to distinguish ACCs from ACs, especially when
they are small and have no distinguishing morphological
features. Further, in the future, it may be possible to ap-
ply these different patterns of enhancement on MDCT
to echoendoscopy.

Echoendoscopy has been reported to be superior to
any other modality with respect to spatial resolution, and
it can accurately detect small pancreatic lesions”**. Con-
trast-enhanced endoscopic ultrasonography (CE-EUS) has
emerged as a recent technological development, and this
modality can be used to evaluate the degree of enhance-
ment in pancreatic lesions™". Kitano ez /™" reported that
CE-EUS was useful for characterizing pancreatic lesions
and that it was superior to MDCT for diagnosing small
lesions. Although, to our knowledge, no study has com-
pated the enhancement pattern between ACs and ACCs
using echoendoscopy, this modality may prove useful for
distinguishing these 2 pancreatic tumors.

Despite the novel findings of this study, it does have
some limitations. Firstly, the number of ACC cases in-
cluded is small, and it is not clear whether or not every
ACC definitely shows the unique TAC pattern. Another
limitation is that the actual effectiveness of this TAC pat-
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tern is unclear, because of the retrospective nature of
this study. Further investigation is necessary to prove that
the TAC pattern is specific to ACCs and that it is actually
useful in distinguishing ACCs from other pancreatic tu-
mots.

In conclusion, the tumor density in the non-contrast
phase and TAC pattern are clearly different between
ACCs and ACs, although both tumors tend to be hy-

podense in the contrast-enhanced phases.
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Acinar cell carcinoma (ACC) is a rare malignant epithelial neoplasm that ex-
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are often accompanied by intratumoral necrosis and have various specific
extraparenchymal progression patterns, such as intraductal tumor growth and
venous tumor thrombus. Several reports have described the computed tomog-
raphy (CT) findings of ACC: it is typically solitary and is accompanied by an in-
tratumoral hypodense area when large. In terms of the visual pattern, although
a few hyperdense ACCs have been reported, most ACCs have been reported
to be hypodense on contrast-enhanced CT.
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treatment differentiation between ACC and AC was not considered important.
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