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Abstract

Backgrounds: Acinar cell carcinoma of the pancreas is a rare malignancy, and its features remain unclear. We aimed to analyze
the clinical characteristics, treatment and prognosis of acinar cell carcinoma with our institutional case series.

Methods: Patients diagnosed with acinar cell carcinoma in our hospital between 2005 and 2019 were reviewed. Investigations on
clinicopathological features, treatment details and long-term survival were performed.

Results: A total of 45 pathologically confirmed acinar cell carcinomas were identified. The median age at diagnosis was 58 years
with a male-to-female ratio of 3.1:1. There were 24 (53.3%) localized, 5 (11.1%) locally advanced and 16 (35.6%) metastatic cases,
with a pancreatic head-to-body/tail ratio of 1:1.4 for all the primary lesions. In the localized group, there were 10 pancreato-
duodenectomy, 12 distal pancreatectomy, | total pancreatectomy, and | distal pancreatectomy combined with proximal
gastrectomy. Among the locally advanced and metastatic cases, |3 patients received chemotherapy, | received concurrent
radiochemotherapy, | underwent synchronous resection of primary tumor and liver metastasis, | underwent palliative operation,
| underwent exploratory laparotomy, and 4 required no treatment. The median overall survival of this series was 18.9 months
with a 5-year survival rate of 19.6%. Moreover, the resected acinar cell carcinoma patients were associated with prolonged
survival compared with the unresected cases (36.6 vs. 8.5 months, P < 0.001).

Conclusions: Surgical resection could improve the long-term survival of acinar cell carcinoma patients, which might also improve
the prognosis of selected metastatic cases. Large-scale studies are needed to further clarify the biological behavior and clinical
features, and to seek the optimal treatments.
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Introduction

Acinar cell carcinoma (ACC) of the pancreas is a rare malig-
nancy, and accounts for approximately 1%-2% of exocrine
pancreatic neoplasms.' ACC arises from the pancreatic acinus,
which secretes digestive enzymes (e.g., trypsin, chymotrypsin,
amylase) and makes up more than 80% volume of the pancreas.
Histologically, ACC is characterized by the rich tumor cells,
forming lobular, solid, glandular or trabecular patterns, and
poor fibrous stroma.” Radiologically, ACC typically presents
as a sizable, well-defined mass with an enhancing capsule,
frequently companied with central hypodensity and occasion-
ally with internal calcification in the computed tomography
(CT) images.” However, definite diagnosis could be rarely
achieved through the radiologic examinations. Even for patho-
logical diagnosis, ACC could be difficultly distinguished from
pancreatic neuroendocrine tumor (pNET) or solid pseudopapil-
lary tumor due to their similarities.” Therefore, immunohisto-
chemical staining for pancreatic enzymes or other markers,
such as Bcl-10, is often required for confirmation.*

Compared with ductal cell adenocarcinoma (DCA), ACC is
a distinct entity. Typical DCA-associated mutations in KRAS,
SMAD4, and TP53 genes are rarely or less frequently detected
in ACC.>® ACC harbors frequent alterations in genes of the
adenomatous polyposis coli (4PC)/B-catenin pathway, which
is similar to colon cancer.” For the clinical manifestations,
ACC shares many non-specific symptoms with DCA, including
abdominal discomfort, weight loss and weakness, nausea and
vomiting, melena, and diarrhea. But painless obstructive jaun-
dice, commonly presented in DCA, is infrequently seen in
ACC.® In addition, a few ACC patients could develop lipase
hypersecretion syndrome because of the massive lipase
released by the tumor, manifested with subcutaneous fat necro-
sis, polyarthralgia or eosinophilia.”'® As a moderate malig-
nancy, ACC carries a better prognosis in comparison to
DCA. The previously reported median overall survival (OS)
of ACC patients ranged from 17.6 to 47 months.”¢ In the latest
ACC series from 3 French centers, Egal et al.'” showed a
favorable median OS of 55.5 months in all staged patients with
106.5 months in patients who underwent curative-intent
resections.

Currently, no broad consensus has been reached on the diag-
nosis or treatment for ACC due to its rarity. The staging system
and therapeutic strategy of ACC mainly refer to the guidelines
for DCA, though the 2 entities possess quite a few distinctive
features. In this study, we aimed to share our experience of
ACC with the largest single-center case series to date, which
might make contribution to better understand the characteris-
tics of ACC.

Methods

Patients

Consecutive patients who received treatments for ACC from
June 2005 to November 2019 in our hospital were carefully
reviewed. Only pathologically proven ACC cases (acinar

differentiation and positive staining of trypsin and/or chymo-
trypsin) were included into analysis. Demographic, clinical and
pathological data were extracted from the medical records. The
values of serum tumor markers, including CA19-9, AFP, and
CEA, were recorded according to the latest test prior to the
treatments. Primary ACC diameters were recorded based on
the pathological reports for the resected cases or imaging
reports for the unresected cases. TNM stage was defined
according to the American Joint Committee on Cancer staging
system (eighth Edition). OS was calculated as the period from
the date of pathological diagnosis to the date of death or last
follow-up. Follow-up was preformed either by searching the
electronical outpatient system of our hospital or by telephone
interviews, which was ended in December 2019.

Statistical Analysis

Categorical and continuous variables were presented as fre-
quency counts and percentages, and medians and interquartile
ranges (IQR), respectively. The Kaplan-Meier method was
used to performed survival analysis, and survival differences
between the groups were examined using the log-rank test.
Univariate and multivariate Cox regression analyses were per-
formed to identify the risk factors for OS. All the above statis-
tical analyses were completed using SPSS software (version
25.0, IBM Corp., Armonk, NY, USA). P values < 0.05 with
2-side were considered statistically significant. Survive curves
were plotted using R software (version 3.6.3, https://www.
r-project.org/).

Results

Patient Characteristics

Forty-five ACC cases were confirmed by the pathology. The
median age of these patients was 58.0 years (IQR, 47.5-67.5
years) with a male-to-female ratio of 3.1:1. The major com-
plaints of the patients at admission were abdominal discomfort
(n = 24, 53.3%) and positive detection in the periodic physical
examination (n = 11, 24.4%). The median diameter of the
primary tumors was 4.7 cm (IQR, 3.3-5.9 cm) with a pancreatic
head-to-body/tail ratio of 1:1.4. About one-third of the patients
were detected with metastasis. According to the TNM staging
system, there were 6, 15, 8, and 16 cases classified as stage I, 11,
III and 1V, respectively (Table 1). Pathologically, apart from
the 38 pure ACCs, there were 6 mixed acinar-endocrine carci-
noma and 1 mixed acinar-ductal carcinoma cases in this retro-
spective analysis (Table 2).

Treatment and Prognosis

Among the localized cases, 10 patients underwent pancreatico-
duodenectomy, 12 underwent distal pancreatectomy, 1 under-
went distal pancreatectomy combined with proximal
gastrectomy, and 1 underwent total pancreatectomy, respec-
tively. Sixteen of the resected patients received adjuvant che-
motherapy with either gemcitabine alone (n = 9) or
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Table I. Baseline Characteristics of Patients With ACC.

Characteristics N =45

Age at diagnosis, years (median, IQR)

Male, n (%)

Chief complaint at admission, n (%)
Abdominal discomfort

58.0 (47.5-67.5)
34 (75.6%)

24 (53.3%)

Positive detection in health examination 11 (24.4%)
Jaundice 3 (6.7%)
Weight loss 2 (4.4%)
Fever 2 (4.4%)
Diarrhea 1 (2.2%)
Melena 1 (2.2%)
Abdominal mass 1 (2.2%)

CAI19-9, U/mL (median, IQR)
CAI19-9 > 34 U/mL, n (%)

26.4 (82-310.7) *
18 (45.0%)

AFP, ng/mL (median, IQR) 2.6 (1.8-5.8)°
AFP > 20 ng/mL, n (%) 3(75%)°
CEA, ng/mL (median, IQR) 2.5 (1.3-4.0)®
CEA > 5 ng/mL, n (%) 6 (15.0%) *
Primary tumor location, n (%)

Pancreatic head 19 (42.2%)

Pancreatic body/tail 26 (57.8%)
Primary tumor diameter, cm (median, IQR) 4.7 (3.3-5.9)
Non-metastatic case, n (%) 29 (64.4%)

Localized 24 (53.3%)

Locally advanced 5 (1'1.1%)
Metastatic case, n (%) 6 (35.6%)

Liver only I4 (31.1%)

Liver and peritoneal cavity 2 (4.4%)
AJCC TNM stage, n (%)

| 6 (13.3%)

Il 15 (33.3%)

n 8 (17.8%)

v 16 (35.6%)

ACC, acinar cell carcinoma; CA19-9, carbohydrate antigen 19-9; AFP, alpha
fetoprotein; CEA, carcinoembryonic antigen; AJCC, American Joint Commit-
tee on Cancer; IQR, interquartile range; , n = 40.

gemcitabine-based regimens (n = 7). Of the locally advanced
cases, 4 patients received treatments, including palliative oper-
ation (n = 1), exploratory laparotomy (n = 1), chemoradiation
(n = 1), and chemotherapy (n = 1), and the remaining 1 did not
receive any treatments. Of the metastatic cases, all the patients
were detected with liver metastasis, 2 of who were additionally
discovered with peritoneal metastasis. One patient with iso-
lated liver metastasis underwent synchronous pancreatectomy
and hepatectomy, and 12 patients received chemotherapy, 5 of
who underwent transcatheter arterial chemoembolization for
liver metastases. The remaining 3 metastatic patients required
no treatment. The pathological findings in all the resected cases
(24 localized cases and 1 metastatic case) indicated that 10
primary tumors harbored necrosis, 8 harbored microvascular
invasion, 8 harbored lymph node metastasis, and 7 harbored
nerval invasion, respectively (Table 2).

On the last follow-up day, 31 (68.9%) patients had died, 9
(20.0%) were still alive and the remaining 5 (11.1%) could not
be contacted. Of the localized cases, 18 patients were detected
with relapses, including local recurrences (n = 5), isolated liver

Table 2. Treatment and Pathological Characteristics of Patients
With ACC.

Characteristics N =45

Treatment, n (%)

Localized 24 (53.3%)

Pancreaticoduodenectomy 10 (22.2%)
Distal pancreatectomy 12 (26.7%)
Total pancreatectomy I (2.2%)
Distal pancreatectomy combined with proximal I (2.2%)

gastrectomy
Adjuvant chemotherapy
Gemcitabine
Gemcitabine + oxaliplatin/ S-1/capecitabine
No chemotherapy

9 (37.5%) °
7 (29.2%) *
8 (33.3%) °

Locally advanced 5(11.1%)
Palliative operation 1 (2.2%)
Exploratory laparotomy 1 (2.2%)
Chemoradiation I (2.2%)
Chemotherapy I (2.2%)
No treatment I (2.2%)

Metastatic 16 (35.6%)
Distal pancreatectomy combined with I (2.2%)

metastasectomy
Chemotherapy and liver embolization 5(11.1%)
Chemotherapy 7 (15.6%)
No treatment 3 (6.7%)
Pathology, n (%)

Diagnosis

Pure ACC 38 (84.4%)

Mixed acinar-endocrine carcinoma
Mixed acinar-ductal carcinoma
Immunohistochemical staining
Trypsin positive
Chymotrypsin positive
Details of resected primary tumor
Nerval invasion
Lymph node metastasis
Microvascular invasion
Necrosis
Positive margin

6 (13.3%)
| (2.2%)

40 (95.2%) ®
32 (80.0%) €
25 (55.6%)
7 (28.0%) ¢
8 (32.0%) °
8 (32.0%) ©
10 (40.0%) ¢
0(0) ¢

ACC, acinar cell carcinoma; ®, n = 24;°, n = 42; <, n = 40; ¢, n = 25.

metastases (n = 11), and liver combined with retroperitoneal
lymph node metastases (n = 2). The median OS of the whole
series was 18.9 months with a 5-year survival rate of 19.6%.
Survival analyses showed that the median OS of the localized
patients was significantly longer than that of the locally
advanced patients (36.6 vs. 10.1 months, P = 0.002) and the
metastatic patients (36.6 vs. 7.4 months, P < 0.001)
(Figure 1A). No statistical difference in OS was observed
between the locally advanced and metastatic cases (10.1 vs.
7.4 months, P = 0.870). In addition, the resected patients cor-
related with significantly prolonged OS compared with the
unresected cases (36.6 vs. 8.5 months, P < 0.001) (Figure 1B).

In the subgroup of localized cases, survival analyses indi-
cated that the median OS of stage I and stage II patients was
significantly longer than that of stage III patients (stage I vs. 11,
37.3 vs. 9.2 months, P = 0.004; stage II vs. III, 36.6 vs.
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Figure |. Kaplan-Meier survival analyses in the whole ACC series divided by the tumor status (A) and resection (B), and in the localized
subgroup divided by the TNM stage (C) and adjuvant chemotherapy (D). ACC, acinar cell carcinoma.

9.2 months, P = 0.003) (Figure 1C). Moreover, patients who
received postoperative chemotherapy acquired an improve-
ment in the long-term survival compared with those who had
no adjuvant chemotherapy (37.7 vs. 18.9 months, P = 0.010)
(Figure 1D). Cox regression analyses demonstrated that TNM
stage (stage I vs. IT1, hazard ratio [HR] 0.025, 95% confidence
interval [CI] 0.002-0.347, P = 0.006; stage IT vs. III, HR 0.026,
95% CI 0.002-0.400, P = 0.009) and postoperative chemother-
apy (HR 0.221, 95% CI 0.070-0.691, P = 0.009) were inde-
pendent risk factors of OS for the localized ACC (Table 3).

Discussion

ACC is a low incidence rate malignancy, and the most pub-
lished reports contained relatively limited cases, which might
weaken the power of the corresponding conclusions
(Table 4).%'-131 Though there have been several database
studies with hundreds of ACC cases, they mainly focused on
the prognostic analyses, particularly in resected patients.'>2%2
Certain characteristic information, such as clinical symptoms,
hematological examinations, and pathological details, was

unavailable in these studies. In the present research, we inves-
tigated the clinical feature, treatment, and prognosis of ACC
with a 14-year series in our high-volume center, which per-
formed more than 400 pancreatic operations annually.
Consistent with many previous reports, ACC patients in our
series were relatively young (median age 58 years) with the
predominance of males (75.6%).”'%'41%2° Non-specific
abdominal discomfort urged more than half of the patients to
seek medical advice initially. Only 3 patients presented with
obstructive jaundice here. Except for the cases with primary
tumors located at the pancreatic body and tail, ACC still had a
much lower rate of jaundice (15.8%) than pancreatic head
DCA, which was up to approximately 80% in the published
literature.>*> This may indicate the less aggressive behavior of
ACC as it generally pushes rather than directly invades into the
bile duct.?® No typical symptom caused by the lipase overpro-
duction was observed in this series, though 3 of the 4 patients
with documented serum lipase data had elevated levels (415,
447, and 2708 U/L; normal range, 13 to 63 U/L). These lipase
levels might not be high enough to generate the clinical signs,
or the elevated periods in the patients were relatively short.
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Table 3. Univariate and Multivariate Cox Regression Analyses of Risk Factors for Overall Survival in the Localized ACC Patients (n = 24).

Univariate Multivariate
Characteristics HR (95% CI) P HR (95% CI) P
Age < 58 years (ref)
> 58 yeas 2.429 (0.804-7.339) 0.116
Gender Female (ref)
Male 2.684 (0.755-9.540) 0.127
Tumor location Head (ref)
body/tail 0.765 (0.270-2.169) 0.614
Tumor diameter < 4.7 cm (ref)
> 47 cm 0.966 (0.349-2.672) 0.946
TNM stage Il (ref)
Il 0.048 (0.004-0.565) 0.016 0.025 (0.002-0.347) 0.006
| 0.033 (0.002-0.466) 0.012 0.026 (0.002-0.400) 0.009
Nerval invasion No (ref)
Yes 1.841 (0.618-5.488) 0.273
Lymph node metastasis No (ref)
Yes 1.231 (0.411-3.693) 0.710
Microvascular invasion No (ref)
Yes 0.673 (0.207-2.194) 0.512
Necrosis No (ref)
Yes 1.317 (0.456-3.802) 0.611
Postoperative chemotherapy No (ref)
Yes 0.274 (0.096-0.780) 0.015 0.221 (0.070-0.691) 0.009

ACC, acinar cell carcinoma; HR, hazard ratio; Cl, confidence interval; ref, reference.

Table 4. Previous ACC Literature Containing Surgical Cases.

Median OS for total / resected /

Author (year) No. of cases Data source Male, % Median age, years metastatic cases, months
Klimstra (1992)% 28 Multi-center 86 62° 18.1°/22.6° / 14.2°
Holen (2002)f! 39 Single-center 79 60 19/36/ 14
Kitagami (2007)2% 15 National cancer registry 67 60° NA /41 / NA
Seth (2007)!'" 14 Single-center 36 57 33/33/NA
Schmidt (2008)12"1 865 National Cancer Data Base 64 67 NA /27 | NA
Wisnoski (2008)!'% 672 SEER database 54 57° 47 1123/ NA
Matos (2009)['3! 17 Multi-center NA 59 19/61/NA
Mansfield (2010)t' 15 Single-center 60 59 17.6 / NA / NA
Butturini (201 1)1 9 Single-center 67 53 31/31/NA
Hartwig (201 I)['O] 17 Single-center 76 58 33/ NA/NA
Lowery (201 1)['®] 40 Single-center 73 65 NA /56.9/19.6
Glazer (2016)!'”! 21 Single-center 76 64 NA/402/13.8
Wang (2016)!'®! 19 Single-center 84 54 18/19/83°
Landa (20I8)m] 980 National Cancer Data Base 68 64 NA / 42%° | NA
Egal (2019)'" 44 Multi-center 82 66 55.5/106.5 / 40

ACC, acinar cell carcinoma; OS, overall survival; SEER, Surveillance, Epidemiology, and End Results; NA, not available; ?, mean age; °, mean overall survival; , 5-year

survival rate.

Due to the specificity, serum lipase level may serve as a
potential marker for differential diagnoses in patients with radi-
ologically suspected pancreatic malignancies. However, as it
abnormally increased in less than half of the ACC patients in
the previous research, its real utility needs to be verified.'*'®
AFP is another potential serum marker proposed in some stud-
ies for facilitating the identification of ACC from DCA, but it
only abnormally elevated in 3 (7.5%) documented patients in
this series.”® Currently, no reliable laboratory biomarker has

been revealed to detect or differentiate ACC. Given the distinct
gene mutation patterns between ACC and DCA, sequencing of
the circulating tumor cells or DNA could be promising
directions.

Pathological features of the resected cases showed that the
rates of lymph node metastasis, nerval invasion, and microvas-
cular invasion were lower in ACC compared with the corre-
sponding data regarding DCA from the previous reports, which
again reflected the less aggressive behavior of ACC.?”*® In
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addition, 40% of the resected cases presented with necrosis,
which was quite rare in DCA.?° This might ascribe to the high
proportion of tumor cell component in ACC, requiring suffi-
cient blood supply to sustain metabolism, whereas DCA was
predominated by the fibrous stroma and less likely affected by
the deficient blood flow.

Surgical resection is the first-line treatment for resectable
ACC. The OS of the resected patients in our series was
36.6 months, which was consistent with the data in the previous
literature, and significantly prolonged in comparison to that of
the unresected counterparts.”!!*1%1%2% Noticeably, one patient
with solitary liver metastasis were misdiagnosed as pNET pre-
operatively, and underwent synchronous distal pancreatectomy
and hepatic wedge resection. No obvious evidence for recur-
rence has been observed since the patient underwent the oper-
ation 89 months ago. This favorable outcome raises an issue
whether surgical resection should be an acceptable choice for
solitary liver metastatic ACC. Technically, the feasibility and
safety of combined pancreatectomy and hepatectomy have
been demonstrated in many published studies.’*>? In terms
of oncology, radical resection has been suggested in
well-differentiated pNET patients with single liver metastasis
by the European Neuroendocrine Tumor Society.>> Even for
more aggressive DCA, quite a few studies have shown the
survival benefits in liver metastatic patients who underwent
synchronous resections, particularly in oligometastatic
cases.*** Given the rarity of ACC, the value of surgery in
liver metastatic situations was seldom explored. Seth et al.'!
reported one patient who underwent concurrent hepatectomy
for metastasis acquired the longest survival period of 95
months among all the 14 resected ACC patients. Another anal-
ysis performed by Hartwig et al.'® showed that the 2-year sur-
vival rate of ACC patients with limited metastatic disease
underdoing synchronous resection (3 additional hepatectomy
and 1 omentectomy) was comparable to that of nonmetastatic
patients treated with resection (75% vs. 66%, P = 0.85).
A more recent study containing 340 metastatic ACC cases from
National Cancer Data Base (NCDB) indicated that patients
required resection correlated with an increased 5-year survival
rate compared with those who did not undergo resection
(18.7% vs. 3.8%, P < 0.001).?* As liver is the most common
metastatic site of ACC patients, this result might also provide
evidence to support the role of surgical resection in liver meta-
static cases. However, it needs to be well evaluated in
large-scale studies with good designs.

Adjuvant chemotherapy is a routine option for all resectable
DCA following surgical resection in order to eliminate residual
tumor cells to postpone recurrence. But the effect of adjuvant
chemotherapy in ACC was still controversial in the literature.
A single-center case series of 21 ACC patients from Glazer
et al.'” suggested that adjuvant chemotherapy was not associ-
ated with improved survival on multivariate analysis
(HR 0.030, P = 0.2). Contrarily, Wang et al.'® reported their
institutional experience with 19 ACC cases and indicated that
resected patients followed by adjuvant chemotherapy had
increased long-term survival in comparison to those who

underwent resection alone (P = 0.006). Our present study also
showed the survival improvement in ACC patients receiving
postoperative chemotherapy (37.7 vs. 18.9 months, P = 0.010),
which was further demonstrated as an independent protective
factor on multivariate analysis (HR 0.221, 95% CI 0.070-0.691,
P = 0.009). Owing to the limited sample sizes, powerful con-
clusions were difficultly drawn from these institutional reports.
Interestingly, 2 database analyses from the NCBD came to the
different results. In the year of 2008, Schmidt et al.>! found that
the resected patients with or without adjuvant chemotherapy
shared the similar OS after analyzing 865 ACC cases (P = 0.3).
However, more recently, Patel et al.*® reviewed 298 ACC cases
from the same database and discovered that adjuvant che-
motherapy following surgical resection was associated with a
significant improvement in OS compared with resection alone
(HR 0.54, 95% CI 0.33-0.89, P = 0.015). This might be
explained by the advancements in chemotherapeutic regimens
over time, as the patients included in the 2 studies were from
1985 to 2005 and from 2004 to 2015, respectively. According
to our own experience, we take an active attitude toward the use
of adjuvant chemotherapy in all suitable ACC patients under-
going surgical resection. The regimens of adjuvant chemother-
apy were infrequently mentioned in the previous literature and
varied among different institutions. Consistent with the major
reports, our center adopted gemcitabine or gemcitabine-based
chemotherapy for the postoperative treatment.'®!”'® Glazer
et al.'” proposed the regimen of folinic acid, fluorouracil and
oxaliplatin (FOLFOX) for the adjuvant therapy of ACC con-
sidering its higher rate of disease control compared with gem-
citabine. But no existing evidence has proven the advantage of
this fluorouracil-based regimen in improving the survival of
resected ACC patients. These issues regarding postoperative
chemotherapy, such as agent type, therapy cycle, and response
evaluation, need to be further clarified with accumulated cases.

There were some limitations should be mentioned. The ret-
rospective nature and relatively small size of our study could
limit the persuasiveness of the statistical results. However,
given the rarity of ACC, we still provide useful information
to help reveal the clinical features, some of which are unavail-
able in the database studies. In addition, the exact periods of
recurrence and progression for resected and unresected
patients, respectively, could not be evaluated here. This should
be performed in prospective research with uniform follow-up
strategies.

Conclusion

ACC is a moderately aggressive pancreatic malignancy with a
low incidence rate. Surgical resection provides a chance to
prolong survival for all resected patients, particularly for those
receiving postoperative chemotherapy. Moreover, selected
liver metastatic patients may also obtain a survival improve-
ment following synchronous resection. Further well-designed,
large-scale, prospective studies are needed to powerfully verify
the optimal diagnostic, therapeutic and follow-up strategies for
ACC patients.



Zhou et al

Abbreviations

ACC, Acinar Cell Carcinoma; CI, Confidence Interval; CT, Computed
Tomography; DCA, Ductal Cell Adenocarcinoma; HR, Hazard Ratio;
IQR, Interquartile Ranges; NCDB, National Cancer Data Base; OS,
Overall Survival; pNET, Pancreatic Neuroendocrine Tumor

Authors Note

Wentao Zhou, Xu Han and Yuan Fang contributed equally to this
study.

Acknowledgment

The authors thank Dr. Jing Wu for her helpful assistance in the
follow-up data collection.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This study
was supported by National Natural Science Foundation of China
(No0.81972218) and Science and Technology Commission of Shanghai
Municipality (No.19140901700).

ORCID iD

Wenhui Lou, MD
Dansong Wang, MD

https://orcid.org/0000-0001-5820-6843
https://orcid.org/0000-0002-8406-3222

Research Ethics and Patient Consent
This study was approved by the Ethics Committee of Zhongshan

Hospital, Fudan University (No. B2019-297). All participants pro-
vided written consent forms.

References

1. Reid MD, Bagci P, Adsay NV. Histopathologic assessment of
pancreatic cancer: does one size fit all? J Surg Oncol. 2013;
107(1):67-77.

2. La Rosa S, Sessa F, Capella C.Acinar cell carcinoma of the pan-
creas: overview of clinicopathologic features and insights into the
molecular pathology. Front Med (Lausanne). 2015;2:41.

3. Chiou Y-Y, Chiang J-H, Hwang J-1, Yen C-H, Tsay S-H, Chang
C-Y. Acinar cell carcinoma of the pancreas: clinical and com-
puted tomography manifestations. J Comput Assist Tomogr. 2004;
28(2):180-186.

4. La Rosa S, Franzi F, Marchet S, et al. The monoclonal anti-
BCLI10 antibody (clone 331.1) is a sensitive and specific marker
of pancreatic acinar cell carcinoma and pancreatic metaplasia.
Virchows Arch. 2009;454(2):133-142.

5. Al-Hader A, Al-Rohil RN, Han H, Von Hoff D.Pancreatic acinar
cell carcinoma: a review on molecular profiling of patient tumors.
World J Gastroenterol. 2017;23(45):7945-7951.

6. Bergmann F, Aulmann S, Sipos B, et al. Acinar cell carcinomas of
the pancreas: a molecular analysis in a series of 57 cases. Virch-
ows Arch. 2014;465(6):661-672.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

. Jakel C, Bergmann F, Toth R, et al. Genome-wide genetic and

epigenetic analyses of pancreatic acinar cell carcinomas reveal
aberrations in genome stability. Nat Commun. 2017;8(1):1323.

. Klimstra DS, Heffess CS, Oertel JE, Rosai J.Acinar cell carci-

noma of the pancreas. A clinicopathologic study of 28 cases. Am J
Surg Pathol. 1992;16(9):815-837.

. Holen KD, Klimstra DS, Hummer A, et al. Clinical characteristics

and outcomes from an institutional series of acinar cell carcinoma
of the pancreas and related tumors. J Clin Oncol. 2002;20(24):
4673-4678.

. Hartwig W, Denneberg M, Bergmann F, et al. Acinar cell carci-

noma of the pancreas: is resection justified even in limited meta-
static disease? Am J Surg. 2011;202(1):23-27.

Seth AK, Argani P, Campbell KA, etal. Acinar cell carcinoma of the
pancreas: an institutional series of resected patients and review of the
current literature. J Gastrointest Surg. 2008;12(6):1061-1067.
Wisnoski NC, Townsend CM, Jr, Nealon WH, Freeman JL, Riall
TS. 672 patients with acinar cell carcinoma of the pancreas: a
population-based comparison to pancreatic adenocarcinoma. Sur-
gery. 2008;144(2):141-148.

Matos JM, Schmidt CM, Turrini O, et al. Pancreatic acinar cell
carcinoma: a multi-institutional study. J Gastrointest Surg. 2009;
13(8):1495-1502.

Mansfield A, Tafur A, Smithedajkul P, Corsini M, Quevedo F,
Miller R. Mayo Clinic experience with very rare exocrine pan-
creatic neoplasms. Pancreas. 2010;39(7):972-975.

Butturini G, Pisano M, Scarpa A, D’Onofrio M, Auriemma A,
Bassi C. Aggressive approach to acinar cell carcinoma of the
pancreas: a single-institution experience and a literature review.
Langenbecks Arch Surg. 2011;396(3):363-369.

Wang Y, Wang S, Zhou X, et al. Acinar cell carcinoma: a report
of 19 cases with a brief review of the literature. World J Surg
Oncol. 2016;14(1):172.

Egal A, Cros J, Svrcek M, et al. Prognostic factors of acinar cell
carcinomas: a study of 44 patients. Pancreas. 2019;48(10):
1393-1396.

Lowery MA, Klimstra DS, Shia J, et al. Acinar cell carcinoma of
the pancreas: new genetic and treatment insights into a rare malig-
nancy. Oncologist. 2011;16(12):1714-1720.

. Glazer ES, Neill KG, Frakes JM, et al. Systematic review and case

series report of acinar cell carcinoma of the pancreas. Cancer
Control. 2016;23(4):446-454.

Kitagami H, Kondo S, Hirano S, Kawakami H, Egawa S, Tanaka
M. Acinar cell carcinoma of the pancreas: clinical analysis of 115
patients from pancreatic cancer registry of japan pancreas society.
Pancreas. 2007;35(1):42-46.

Schmidt CM, Matos JM, Bentrem DJ, Talamonti MS, Lillemoe
KD, Bilimoria KY. Acinar cell carcinoma of the pancreas in the
United States: prognostic factors and comparison to ductal ade-
nocarcinoma. J Gastrointest Surg. 2008;12(12):2078-2086.
Landa K, Freischlag K, Nussbaum DP, Youngwirth LM, Blazer
DG. Underutilization of surgical resection in patients with pan-
creatic acinar cell carcinoma. HPB (Oxford). 2019;21(6):
687-694.

He C, Zhang Y, Cai Z, Duan F, Lin X, Li S.Nomogram to predict
cancer-specific survival in patients with pancreatic acinar cell


https://orcid.org/0000-0001-5820-6843
https://orcid.org/0000-0001-5820-6843
https://orcid.org/0000-0001-5820-6843
https://orcid.org/0000-0002-8406-3222
https://orcid.org/0000-0002-8406-3222
https://orcid.org/0000-0002-8406-3222

Cancer Control

24.

25.

26.

27.

28.

29.

carcinoma: a competing risk analysis. J Cancer. 2018;9(22):
4117-4127.

Sauvanet A, Boher J-M, Paye F, et al. Severe jaundice increases
early severe morbidity and decreases long-term survival after
pancreaticoduodenectomy for pancreatic adenocarcinoma. J Am
Coll Surg. 2015;221(2):380-389.

Strasberg SM, Gao F, Sanford D, et al. Jaundice: an important,
poorly recognized risk factor for diminished survival in patients
with adenocarcinoma of the head of the pancreas. HPB (Oxford).
2014;16(2):150-156.

Chaudhary P. Acinar cell carcinoma of the pancreas: a literature
review and update. Indian J Surg. 2015;77(3):226-231.

Panaro F, Kellil T, Vendrell J, et al. Microvascular invasion is a
major prognostic factor after pancreatico-duodenectomy for ade-
nocarcinoma. J Surg Oncol. 2019;120(3):483-493.

Crippa S, Partelli S, Zamboni G, et al. Poorly differentiated
resectable pancreatic cancer: is upfront resection worthwhile?
Surgery. 2012;152:112-119.

Li G, Wang Q, Wang X, Guo R. A comparison study of pancreatic
acinar cell carcinoma with ductal adenocarcinoma using com-
puted tomography in Chinese patients. Onco Targets Ther.
2016;9:5475-5481.

30.

31.

32.

33.

34.

35.

36.

De Jong MC, Tsai S, Cameron JL, et al. Safety and efficacy of
curative intent surgery for peri-ampullary liver metastasis. J Surg
Oncol. 2010;102(3):256-263.

Klein F, Puhl G, Guckelberger O, et al. The impact of simul-
taneous liver resection for occult liver metastases of pancreatic
adenocarcinoma. Gastroenterol Res Pract. 2012;2012:939350.
Bahra M, Pratschke J, Klein F, et al. Cytoreductive surgery for
pancreatic cancer improves overall outcome of gemcitabine-
based chemotherapy. Pancreas. 2015;44(6):930-936.

Partelli S, Bartsch DK, Capdevila J, et al. ENETS consensus
guidelines for standard of care in neuroendocrine tumours: sur-
gery for small intestinal and pancreatic neuroendocrine tumours.
Neuroendocrinology. 2017;105(3):255-265.

Hackert T, Niesen W, Hinz U, et al. Radical surgery of oligo-
metastatic pancreatic cancer. Eur J Surg Oncol. 2017;43(2):
358-363.

Andreou A, Knitter S, Klein F, et al. The role of hepatectomy for
synchronous liver metastases from pancreatic adenocarcinoma.
Surg Oncol. 2018;27(4):688-694.

Patel DJ, Lutfi W, Sweigert P, et al. Clinically resectable acinar
cell carcinoma of the pancreas: is there a benefit to adjuvant
systemic therapy? Am J Surg. 2020;219(3):522-526.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


