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Purpose
Pancreatic acinar cell carcinoma (ACC) is a rare cancer of the exocrine pancreas. Because
of its rare incidence, the efficacy of chemotherapy in this patient population has been largely
unknown. Therefore, we retrospectively analyzed the outcomes of patients with advanced
pancreatic ACC who received chemotherapy.

Materials and Methods
Between January 1997 and March 2015, 15 patients with unresectable or metastatic pan-
creatic ACC who received systemic chemotherapy were identified in Asan Medical Center,
Korea.  

Results
The median age was 58 years. Eleven and four patients had recurrent/metastatic and locally
advanced unresectable disease. The median overall survival in all patients was 20.9 months
(95% confidence interval [CI], 15.7 to 26.1). As first-line therapy, intravenous 5-fluorouracil
were administered in four patients (27%), gemcitabine in five (33%), gemcitabine plus
capecitabine in two (13%), oxaliplatin plus 5-fluorouracil/leucovorin (FOLFOX) in two (13%),
and concurrent chemoradiotherapy followed by capecitabine maintenance therapy in two
(13%). The objective response rate (ORR) to chemotherapy alone was 23% and the median
progression-free survival (PFS) was 5.6 months (95% CI, 2.8 to 8.4). After progression, sec-
ond-line chemotherapy was administered in eight patients, while four patients received FOL-
FOX and the other four patients received gemcitabine. The ORR was 38%, and patients
administered FOLFOX had significantly better PFS than those administered gemcitabine
(median, 6.5 months vs. 1.4 months; p=0.007). The ratio of time to tumor progression (TTP)
during first-line chemotherapy to TTP at second-line chemotherapy was significantly higher
in patients administered FOLFOX (4.07; range, 0.87 to 8.30) than in those administered
gemcitabine (0.12; range, 0.08 to 0.25; p=0.029). 

Conclusion
Our results suggest that oxaliplatin-containing regimens may have improved activity against
pancreatic ACC.

Key words
Acinar cell carcinoma, Pancreatic neoplasms, 
Antineoplastic agents, Oxaliplatin

Changhoon Yoo, MD1

Bum Jun Kim, MD1,2

Kyu-pyo Kim, MD, PhD1

Jae-Lyun Lee, MD, PhD1

Tae Won Kim, MD, PhD1

Baek-Yeol Ryoo, MD, PhD1

Heung-Moon Chang, MD, PhD1

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

Correspondence: Heung-Moon Chang, MD, PhD
Department of Oncology, Asan Medical Center,
University of Ulsan College of Medicine, 
88, Olympic-ro, 43-gil, Songpa-gu, 
Seoul 05505, Korea
Tel: 82-2-3010-3210 
Fax: 82-2-3010-6961 
E-mail: changhm@amc.seoul.kr

Received  August 12, 2016
Accepted  October 18, 2016
Published Online  November 9, 2016

*Changhoon Yoo and Bum Jun Kim contributed
equally to this work.

1Department of Oncology, 
Asan Medical Center, University of 
Ulsan College of Medicine, Seoul, 
2Department of Internal Medicine, 
Hallym University Medical Center, 
Hallym University College of Medicine, 
Seoul, Korea

Introduction

Acinar cell carcinoma (ACC) is a rare pancreatic exocrine
malignancy that accounts for < 1% of all pancreatic neo-
plasms [1-3]. Because of its rare incidence, with the exception

of analyses based on large national registries, current evi-
dence of pancreatic ACC is primarily dependent on a few
case series. These studies have shown that pancreatic ACC
has distinct clinicopathological characteristics and treatment
outcomes when compared with common pancreatic ductal
adenocarcinoma (PDAC). In addition, there is lack of com-
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mon molecular alterations shared with PDAC. Most previ-
ous studies have suggested that pancreatic ACC has a better
prognosis than PDAC [4,5]. 

Surgical resection is the only curative treatment modality
for localized pancreatic ACC, and patients who received sur-
gery were associated with better survival outcomes [6]. How-
ever, approximately half of the patients have metastatic
disease at presentation [5,7], and a considerable proportion
of patients (57%-100%) develop recurrence even after cura-
tive surgery [3,5,8]. These findings indicate that development
of effective systemic chemotherapy is essential for improving
survival outcomes in patients with pancreatic ACC.

Despite recent advances in chemotherapy for PDAC after
long stagnation, data regarding the chemotherapy for pan-
creatic ACC remains insufficient, and the most appropriate
regimen for first-line chemotherapy is unclear. Moreover, no
prospective studies focusing on pancreatic ACC patients
alone have been conducted to date, and most clinical studies
investigating novel agents in pancreatic malignancy usually
exclude pancreatic ACC. Therefore, more retrospective
analyses of chemotherapy in patients with pancreatic ACC
may help improve our understanding of this rare disease.
Here, we present the clinical outcomes of patients with 
unresectable or metastatic pancreatic ACC who received
chemotherapy in a tertiary referral cancer center.  

Materials and Methods

We searched the clinical data warehouse of the Asan Med-
ical Center (ABLE; Asan BiomedicaL rEsearch) and found 24
patients who had histologically documented pancreatic ACC
with locally advanced unresectable, recurrent, or initially
metastatic disease between January 1997 and March 2015.
Among them, five patients were lost to follow-up after 
recurrence or refused chemotherapy and four patients were
histologically diagnosed with mixed acinar–neuroendocrine
carcinoma. Therefore, a total of 15 patients were included in
the current analysis. We obtained clinical and pathological
data from the review of patients’ medical records. All radio-
logical images were reviewed by the investigators.

Tumor responses were graded according to the Response
Evaluation Criteria in Solid Tumor (RECIST) ver. 1.1 [9]. Pro-
gression-free survival (PFS) was calculated from the admin-
istration date for the first dose of chemotherapy to the date
of disease progression or any cause of death, whichever 
occurred first. Overall survival (OS) was calculated from the
first dose of chemotherapy to the date of death due to any
cause. If patients were alive, they were censored at the time
of last follow-up. Time to tumor progression (TTP) was esti-

mated as the time between the start of chemotherapy and
documented tumor progression. PFS and OS were estimated
using the Kaplan-Meier method and compared by the log-
rank test.

To compare the activity of second-line regimens used, we
analyzed the Growth Modulation Index (GMI) using the
ratio of TTP at first-line chemotherapy (TTP1) to the TTP at
second-line chemotherapy (TTP2) in patients who received
second-line chemotherapy, similar to a previous study of 
another rare cancer [10]. The regimen with the higher GMI
is considered to have better clinical efficacy. Considering
only a small numbers of patients with pancreatic ACC were
available to assess the efficacy of chemotherapy, this 
approach may be advantageous for measuring the relative
activity among chemotherapeutic agents because patients
serve as their own control. This generally increases statistical
sensitivity because it eliminates the between-patient variabil-
ity.

Results

1. Clinical characteristics

Baseline characteristics of the study population are sum-
marized in Table 1. Overall, 13 patients received systemic
chemotherapy, while two with locally advanced disease ini-
tially received concurrent chemoradiotherapy (CCRT) fol-
lowed by sysftemic chemotherapy. The median age was 58
years (range, 29 to 72 years), and 13 patients (87%) were
male. Pancreatic head was the most common site of disease
(n=10, 67%). Approximately half of the patients (n=6, 40%)
had recurrent disease after curative resection and four (27%)
had locally advanced unresectable disease. The most com-
mon metastatic site was the liver (n=7, 47%), followed by 
intra-abdominal lymph nodes (n=5, 33%) and peritoneum
(n=3, 20%). Individual patient characteristics and their 
responses to treatment are summarized in S1 Table.

2. Treatment and efficacy

As first-line therapy, intravenous 5-fluorouracil (5-FU) was
administered to four patients (27%), gemcitabine to five
(33%), gemcitabine plus capecitabine (GEM-CAP) to two
(13%), oxaliplatin plus 5-FU/leucovorin (FOLFOX) to two
(13%), and CCRT followed by capecitabine maintenance
therapy to two (13%) (Table 2). In patients who received
chemotherapy alone, partial response (PR) was achieved in
three patients, indicating an overall response rate (ORR) of
23%. Additionally, three patients with PR received infusional
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Table 1. Patient characteristics at baseline

Characteristic No. (%) (n=15)
Age, median (range, yr) 58 (29-72)
Sex (male/female) 13 (87)/2 (13)
Primary tumor location

Pancreatic head 10 (67)
Pancreatic body/Tail 5 (33)

CA 19-9 (elevated) 4 (27)
Disease setting

Recurrent 6 (40)
Locally advanced 4 (27)
Initially metastatic 5 (33)

Metastatic site
Liver 7 (47)
Distant lymph nodes 5 (33)
Peritoneum 3 (20)
Others 3 (20)

Previous surgery in curative intent 6 (40)
Previous adjuvant chemotherapy (n=6) 2 (33)

Table 2. First-line treatment and response

Variable No. (%) (n=15)
Treatment regimen

Infusional 5-FU/Leucovorin 4 (27)
Gemcitabine monotherapy 5 (33)
GEM-CAP 2 (13)
FOLFOX 2 (13)
CCRT followed by capecitabine maintenance 2 (13)

Response to the first-line treatment
CRa) 1 (7)
PRa) 4 (27)
SD 5 (33)
PD 2 (13)
NAb) 3 (20)

5-FU, 5-fluorouracil; GEM-CAP, gemcitabine plus cape-
citabine; FOLFOX, oxaliplatin plus 5-FU/leucovorin; CCRT,
concurrent chemoradiotherapy; CR, complete response;
PR, paritial response; SD, stable disease; PD, progressive
disease; NA, not applicable; sLV5FU2, simplified leucov-
orin and 5-FU regimen. a)One CR and one PR patients 
received CCRT with capecitabine followed by capecitabine
for their locally advanced disease. The other three PR 
patients received sLV5FU2, GEM-CAP, and FOLFOX,
b)Among three patients with NA for response evaluation,
two patients were lost from early follow-up and one had
no measurable lesion. 
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Fig. 1.  Progression-free survival with first-line chemotherapy of patients with chemotherapy alone (A) and overall survival
of all patients (B). CI, confidence interval.



5-FU/leucovorin (n=1), GEM-CAP (n=1), and FOLFOX
(n=1). Among two patients who received CCRT followed by
capecitabine maintenance therapy for locally advanced dis-
ease, one patient achieved complete response and another
one achieved PR. No patient treated with gemcitabine
monotherapy achieved objective response (Table 2). The 
median PFS of patients with chemotherapy alone was 5.6
months (95% confidence interval [CI], 2.8 to 8.4) (Fig. 1A).
The median PFS was 11.2 months (95% CI, 0.0 to 27.1) with
intravenous 5-FU, 7.3 months with GEM-CAP, 5.6 months
with FOLFOX, and 3.2 months (95% CI, 3.0 to 3.4) with gem-
citabine monotherapy. The median PFS of patients who 
received CCRT followed by capecitabine maintenance ther-
apy was 14.5 months. Median OS for all patients was 20.9
months (95% CI, 15.7 to 26.1) (Fig. 1B). 

After disease progression while on first-line chemother-
apy, second-line chemotherapy was administered to eight
patients, with four receiving FOLFOX and four gemcitabine
(Table 3). Objective response was achieved in three of the
eight patients, indicating an ORR of 38%. All three patients
with PR received FOLFOX, and no patients who received
gemcitabine achieved objective response (Table 3). Among
the patients treated with second-line FOLFOX, gemcitabine
monotherapy (n=2), GEM-CAP (n=1), and infusional 
5-FU/leucovorin (n=1) had previously been administered.
Patients treated with FOLFOX had significantly better PFS
than those treated with gemcitabine monotherapy (median,
6.5 months; 95% CI, 2.8 to 10.2 vs. 1.4 months; 95% CI, 0.5 to
2.3; p=0.007) (Fig. 2). The GMI was significantly higher in 
patients with FOLFOX (4.07; range, 0.87 to 8.30) than in those
with gemcitabine (0.12; range, 0.08 to 0.25; p=0.029) (Table 4).

Discussion

In the current study, we retrospectively analyzed the clin-
ical outcomes of patients with unresectable or metastatic
pancreatic ACC. Our results suggest that oxaliplatin-contain-
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Fig. 2.  Progression-free survival with second-line chemo-
therapy. CI, confidence interval; FOLFOX, oxaliplatin plus
5-fluorouracil/leucovorin; GEM, gemcitabine.

Table 3. Second-line chemotherapy and response

Variable No. (%) (n=8)
Chemotherapy regimen

FOLFOX 4 (50)
Gemcitabine monotherapy 4 (50)

Response to the second-line chemotherapy
CR 0 (
PRa) 3 (37)
SD 1 (13)
PD 4 (50)

FOLFOX, oxaliplatin plus 5-fluorouracil/leucovorin; CR,
complete response; PR, partial response; SD, stable disease;
PD, progressive disease. a)All PR patients received FOL-
FOX.

Table 4. Comparison of the ratio of TTP1 to TTP2 in patients who received second-line chemotherapy

Second-line chemotherapy Gemcitabine alone FOLFOX p-value
TTP1, median (mo) 5.8 1.7 
TTP2, median (mo) 1.4 6.5 
GMI (TTP2/TTP1) 0.12 (0.08-0.25) 4.07 (0.87-8.30) 0.029

TTP1, time to progression at first-line chemotherapy; TTP2, time to progression at second-line chemotherapy; GMI, Growth
Modulation Index.
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ing regimens may have better efficacy than gemcitabine
monotherapy.

The baseline characteristics of our study population were
similar to the results of previously published epidemiologi-
cal studies in terms of age, sex, and tumor location [6,11-13].
Most patients were male (87%) and the pancreatic head was
the most common site of primary tumor (67%). Consistent
with the results of a previous retrospective study [14], the
median OS in our patients was 20.9 months (95% CI, 15.7 to
26.1). These results suggest that the overall prognosis of 
patients with unresectable or metastatic pancreatic ACC
seems to be better than that of PDAC. 

With first-line chemotherapy, the ORR was 23% and the
median PFS was 5.6 months (95% CI, 2.8 to 8.4). Monother-
apy with intravenous 5-FU showed numerically longer PFS
(median, 11.2 months) than other regimens, such as
monotherapies with GEM-CAP (7.3 months), FOLFOX (5.6
months), and gemcitabine (3.2 months). The two patients
with locally advanced disease who received upfront CCRT
followed by capecitabine maintenance therapy showed the
longest PFS (20.1 and 14.5 months). 

In the second-line setting, FOLFOX showed better efficacy
than gemcitabine monotherapy in terms of PFS and GMI (i.e.,
the ratio of TTP1 to TTP2). GMI was suggested as a potential
end point of drug efficacy [15] and showed a strong relation-
ship with survival outcome in pre-treated patients with sar-
coma [16]. Patients administered FOLFOX had significantly
better PFS than those administered gemcitabine monother-
apy (median, 6.5 months; 95% CI, 2.8 to 10.2 vs. 1.4 months;
95% CI, 0.5 to 2.3; p=0.007). GMI was also significantly higher
in patients administered FOLFOX (4.07; range, 0.87 to 8.30)
than in those administered gemcitabine monotherapy (0.12;
range, 0.08 to 0.25; p=0.03). Despite the large difference in
terms of PFS between FOLFOX and gemcitabine, the number
of patients in the second-line setting was too small to con-
clude whether FOLFOX was superior to gemcitabine, 
because of probable imbalance in baseline characteristics, 
including prognostic factors. Nevertheless, the significantly
higher GMI with FOLFOX (4.07) than gemcitabine (0.12) sug-
gests that oxaliplatin-containing regimens have better effi-
cacy than gemcitabine, which has been the most popular
regimen in pancreatic cancer to date. Indeed, a previous
study conducted by the French Sarcoma Group found that a
GMI > 1.33 was highly associated with improved OS in the
setting of second-line chemotherapy for patients with soft-
tissue sarcoma [16]. In very rare types of cancer such as pan-
creatic ACC, GMI may be a good indicator to estimate the
activity of agent through intra-patient comparison, which
may decrease the issues related with confounding factors. 

The promising efficacy of oxaliplatin-containing regimens
in this study might be explained by the distinctive molecular
characteristics of pancreatic ACC. A recent study showed

that the molecular signature of ACC is different from that of
PDAC. KRAS, TP53, CDKN2A (p16), and SMAD4 gene 
mutations were not typically found in pancreatic ACC,
whereas the frequency of mutations in the adenomatous
polyposis coli–! catenin pathway, which is rarely detected
in PDAC, was similar to those found in colorectal cancer 
(7%-24%) [17-19]. These findings suggest that the chemother-
apeutic approaches for ACC patients include agents known
to have activity in colorectal cancer [14,20-22]. 

Improved efficacy with oxaliplatin in pancreatic ACC may
be because of the frequent genomic alterations associated
with inactivation of DNA repair genes. In preclinical studies,
pancreatic tumors from BRCA2 mutation carriers that
showed evidence of loss of heterozygosity at the mutation
site were associated with the development of ACC [23]. A 
recent Japanese study using whole-exome sequencing 
revealed that the loss of BRCA2 expression was observed in
45% [24] of patients (5/11) with liver metastasis, one of
whom achieved complete remission after cisplatin-based
chemotherapy. Comprehensive genomic profiling of 44 pan-
creatic ACC also showed that approximately half of the pan-
creatic ACC patients (45%) had inactivating genomic
alterations in DNA repair genes (BRCA 1/2, ATM, MSH 1/2,
RAD50, BRIP1, RANCA, and PALB2), and that BRCA2
mutations were detected in 20% of pancreatic ACC [19]. Loss
of function in DNA repair genes predisposes susceptibility
to the platinum-based chemotherapy or poly(ADP-ribose)
polymerase inhibitor; hence, the findings regarding DNA 
repair deficiencies in pancreatic ACC support our results
with regard to the promising efficacy of oxaliplatin-contain-
ing regimens. 

Multivariate analysis to exclude the impact of confounding
factors could not be performed in this study because of the
small number of patient included. Moreover, this study has
inherent selection bias caused by its retrospective nature. 
Despite these limitations, this study has advantages in terms
of a relatively large number of patients in the setting of 
unresectable or metastatic disease and that detailed informa-
tion about the chemotherapeutic agents used was available.

Conclusion

In conclusion, our results suggest that the oxaliplatin-con-
taining chemotherapy may have improved activity against
pancreatic ACC compared with gemcitabine. This is sup-
ported by the results of recent studies demonstrating the dis-
tinctive genetic background of pancreatic ACC, including the
high frequency of BRCA mutations. We applied GMI during
statistical analysis to overcome the limitations associated
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with the small populations and retrospective nature of our
study. Nevertheless, it is still difficult to apply our results in
general. Moreover, a large prospective multicenter trial is
needed to address the rare incidence of pancreatic ACC. 

Overall, recent findings, including those of the present
study, indicate that chemotherapy strategies for unresectable
or metastatic pancreatic ACC should be different from those
for PDAC.
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