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Simple Summary: Less than 1% of all pancreatic malignancies are acinar cell carcinomas. Based on
data from the German Cancer Registry Group, we performed a comparative analysis of characteristics
and prognostic factors of pancreatic acinar cell carcinoma and the most common type of pancreatic
cancer—pancreatic ductal adenocarcinoma. Compared to pancreatic ductal adenocarcinoma, patients
with pancreatic acinar cell carcinoma were younger at the time of diagnosis and the percentage of
males was higher. The prognosis of patients with pancreatic acinar carcinoma was better than that
of patients with pancreatic ductal adenocarcinoma. Surgical resection was the strongest positive
prognostic factor for pancreatic acinar cell carcinoma. The study shows that pancreatic acinar cell
carcinoma has features distinct from pancreatic ductal adenocarcinoma. Radical resection should be
advocated, whenever feasible.

Abstract: Background: Pancreatic acinar cell carcinoma (PACC) is a distinct type of pancreatic cancer
with low prevalence. We aimed to analyze prognostic factors and survival outcome for PACC in
comparison to pancreatic ductal adenocarcinoma (PDAC), based on data from the German Cancer
Registry Group. Methods: Patients with PACC and PDAC were extracted from pooled data of the
German clinical cancer registries (years 2000 to 2019). The distribution of demographic parameters,
tumor stage and therapy modes were compared between PACC and PDAC. The Kaplan-Meier
method and Cox regression analysis were used to delineate prognostic factors for PACC. Propensity
score matching was used to compare survival between PACC and PDAC. Results: There were
233 (0.44%) patients with PACC out of 52,518 patients with pancreatic malignancy. Compared to
PDAC, patients with PACC were younger (median age 66 versus 70, respectively, p < 0.001) and the
percentage of males was higher (66.1% versus 53.3%, respectively, p < 0.001). More patients were
resected with PACC than with PDAC (56.2% versus 38.9%, respectively, p < 0.001). The estimated
overall median survival in PACC was 22 months (95% confidence interval 15 to 27), compared to
12 months (95% confidence interval 10 to 13) in the matched PDAC cohort (p < 0.001). Surgical
resection was the strongest positive prognostic factor for PACC after adjusting for sex, age, and
distant metastases (hazard ratio 0.34, 95% confidence interval 0.22 to 0.51, p < 0.001). There was no
survival benefit for adjuvant therapy in PACC. Conclusions: PACC has overall better prognosis than
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PDAC. Surgical resection is the best therapeutic strategy for PACC and should be advocated even in
advanced tumor stages.

Keywords: pancreatic acinar cell carcinoma; pancreatic cancer; German Cancer Registry Group

1. Introduction

Pancreatic acinar cell carcinoma (PACC) is a distinct type of exocrine pancreatic cancer
that arises from the acinic cells. It presents microscopically as a solid, cellular neoplasm
with minimal stroma [1], (Figure 1). The prevalence of PACC has been estimated to be
below 1% of all pancreatic malignancies [2]. Compared to patients with the most common
pancreatic cancer, pancreatic ductal adenocarcinoma (PDAC), patients with PACC are on
average younger and have a better overall prognosis [2,3]. Clinical evidence on PACC is
based on case reports and small institutional series as well as a few registry-based studies
that analyzed larger cohorts of patients with PACC [2-7]. Many of these studies point out
surgical resection as the most effective therapeutic strategy [2-5,7]. The survival benefit of
systemic therapy is more controversial [3,8,9].
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Figure 1. Overview of an acinar cell carcinoma with typical high cellularity and scant fibrous stroma (A, 2.5-fold magnifica-
tion). In higher magnification (B, 20-fold magnification), tumor cells are presenting a granular eosinophilic cytoplasm and
uniform nuclei (hematoxylin and eosin staining).

Because of the low prevalence of PACC, clinical practices well studied in PDAC are
often applied also to PACC. However, PACC has distinct clinical, histologic, and molecular
features that make a differential approach necessary [1,2,4,10]. Especially relevant are
the questions of long-term survival after resection of locally advanced tumors, resection
of synchronous or metachronous distant metastases, as well as the benefit of different
perioperative and palliative therapies. To expand our knowledge on a rare malignancy
such as PACC, registry-based studies are the most feasible.

In this study, we aimed to analyze prognostic factors and survival outcomes for PACC
based on data from the German clinical cancer registries. To delineate the specifics of PACC,
a comparative analysis to PDAC was performed.

2. Materials and Methods
2.1. Study Design and Ethics

This is a retrospective, registry-based study. It was approved by the local ethics
committee of the University of Liibeck, Germany (Reference Number: 20-319).
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2.2. German Clinical Cancer Registries

There is a longstanding tradition of hospital-based clinical cancer registration in
Germany. Since 2013, clinical cancer registries have been established for quality assurance
purposes in all federal states of Germany as part of the German National Cancer Plan.
Therefore, in most of the federal states of Germany the preexisting epidemiological cancer
registries have been expanded into population-based clinical registries [11]. The Society
of German Tumor Centers (ADT) is the head organization that coordinates the German
Cancer Registry Group on a national level. There is a uniform minimal data set for all
oncological entities [12]. This includes items on demographics (age, sex), tumor entity,
topography, and histology according to the International Classification of Diseases for
Oncology (ICD-O) [13], TNM classification [14], therapy (operation, systemic therapy,
radiation), and survival follow-up. The combined data from 17 clinical registries from
the years 2000 to 2019 were used according to the data use rules of the German Cancer
Registry Group.

2.3. Patients

Of all patients with pancreatic malignancy (codes C25.0-C25.9, ICD-O 3. edition
(ICD-0-3)), patients with PACC (ICD-O-3 morphology code 8550/3) and not otherwise
specified PDAC (ICD-O-3 morphology code 8500/3) were extracted. Patients with other
pancreatic neoplasms with acinar differentiation [1], such as pancreatoblastoma (ICD-O-3
morphology code 8971/3) or mixed ductal-acinar carcinoma (ICD-O-3 morphology code
8552/3), were not the subject of this study.

2.4. Study Parameters

The following parameters were selected: histological diagnosis (PACC, PDAC), age at diag-
nosis (years), therapy (none, operation alone, neoadjuvant chemotherapy/radiochemotherapy
plus operation with/without adjuvant therapy, operation plus adjuvant chemotherapy/
radiochemotherapy, chemotherapy/radiochemotherapy alone), operation type (pancreato-
duodenectomy, distal pancreatectomy, total pancreatectomy, other), type of chemotherapy
(gemcitabine mono, 5-FU mono, platin-based, other), distant metastases (M0, M1, MXx),
lymph node metastases (NO, N1, Nx), T-stage (T0-T4), lymph vessel invasion (L0, L1), vas-
cular invasion (VO0, V1), grading (G1-G4), resection status (R0, R1, R2), follow-up (months
after diagnosis), status at last follow-up (dead, alive). The variables age, grading, and re-
section status were dichotomized as follows: age in <67 years versus >67 years, grading in
G1/2 versus G3/4, resection status in RO versus R1/R2 (R+). Distant metastases were con-
sidered positive M1, whenever either pathologic pM1 or clinical cM1 were given. T-stage
and N-stage were evaluated based on the pathological stages pT and pN. Since the TNM
classification changed over the selected period (2000-2019), we made no differentiation
between N1 and N2. Additionally, stage T2 and T3 were combined, since restaging was
not possible without data on tumor size [15].

2.5. Statistical Methods

Differences in the overall distribution of the various parameters between PACC and
PDAC were delineated. Additionally, multivariable analysis with covariables age, sex, dis-
tant metastases, and operation was performed. With the subgroup of patients with upfront
surgery (resection without prior neoadjuvant therapy), univariable survival analysis with
covariables age, sex, T-stage, lymph node metastases, distant metastases, vessel invasion,
lymph vessel invasion, resection status, adjuvant therapy was performed. Data processing
and statistical analysis were performed with R version 3.3.3 [16]. Descriptive statistics
with median and interquartile range of continuous variables and absolute number and
percentage of total for categorical variables were used. Univariable logistic regression was
applied in the comparison of the distribution of the parameters studied between PACC
and PDAC. The propensity score was calculated via logistic regression with covariables
age, sex, therapy, T-stage, lymph node metastases, distant metastases, resection status,



Cancers 2021, 13, 6121

40f12

grading, year of diagnosis, survival status. Propensity score nearest neighbor matching
was performed. The R package Matchlt was used [17].

2.6. Survival Analysis

For patients with available survival data, propensity score matching of PACC to PDAC
in ratio 1:3 was performed. Survival analysis for PACC and PDAC was performed with
the matched data. Univariable survival analysis for age, sex, distant metastases, grading,
and therapy type was applied to the whole data set. Kaplan-Meier method and log-rank
test were applied in the univariable survival analysis. Additionally, multivariable Cox
regression with covariables age, sex, distant metastases, and operation was performed.
With the subgroup of patients with upfront surgery (resection without prior neoadjuvant
therapy), univariable survival analysis with covariables age, sex, T-stage, lymph node
metastases, distant metastases, vessel invasion, lymph vessel invasion, resection status,
adjuvant therapy was performed. Follow-up was estimated with the reversed Kaplan—
Meier method. Significance level 0.05 and confidence interval 95% were set.

3. Results
3.1. Basic Characteristics of the PACC Cohort

There were 233 (0.44%) patients with PACC out of 52,518 patients with pancreatic
malignancy in the whole dataset. The median age at time of diagnosis was 66 years.
There were 154 (66.1%) male and 79 (33.9%) female patients. Distant metastases were
present in 79 (33.9%) patients. Resection was performed in 131 (56.2%) cases. Of those
resected, 80 (61%) received operation alone, 49 (37.4%) operation and adjuvant therapy
(47 chemotherapy, 2 radiochemotherapy), 2 (1.5%) neoadjuvant chemotherapy and opera-
tion (one of them received neoadjuvant and adjuvant chemotherapy). Distant metastases
M1 were present in 18 (13.7%), and lymph node metastases N1 in 56 (42.7%) of resected
patients. Results of the univariable analysis are given in Table 1.

Table 1. Univariable analysis PACC versus PDAC.

Parameter N (% of Total)/Median (IQR) p-Value
PACC PDAC
All Patients
Total number 233 (100) 37,940 (100)
Sex
male 154 (66.1) 20,225 (53.3)
female 79 (33.9) 17,712 (46.7) <0.001
missing 0 (0) 3 (<0.001) 0.978
Median age [years] 66 (17) 70 (14) <0.001
Age
<67 years 128 (54.9) 15,863 (41.8)
>67 years 105 (45.1) 22,077 (58.2) <0.001
Distant metastases
MO 106 (45.5) 12,964 (34.2)
M1 79 (33.9) 15,177 (40) 0.002
Mx 48 (20.6) 9799 (25.8) 0.003
Treatment
none 59 (25.3) 15,249 (40.2)
Operation alone 80 (34.3) 10,139 (26.7) <0.001
neoadjuvant + operation 2(0.9) 299 (0.8) 0.448
operation + adjuvant 49 (21) 4304 (11.3) <0.001
(Radio-)chemotherapy 43 (18.5) 7949 (21) 0.095

Operation 131 (56.2) 14,742 (38.9) <0.001
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Table 1. Cont.

Parameter N (% of Total)/Median (IQR) p-Value
PACC PDAC
Subgroup of resected patients
Total number 131 (100) 14,742 (100)
Operation type
PD 36 (27.5) 6303 (42.8)
DPR 38 (29) 1216 (8.2) <0.001
TPE 8(6.1) 903 (6.1) 0.263
Other/not specified 49 (37.4) 6320 (42.9) 0.165
T-stage
pTO 1(0.8) 23(0.2)
pT1 6 (4.6) 501 (3.4) 0.242
pT2/3 111 (84.7) 12,323 (83.6) 0.125
pT4 8(6.1) 1367 (9.3) 0.064
pTx 5(3.8) 528 (3.6) 0.172
Lymph node metastases
NO 69 (52.7) 4208 (28.5)
N1 56 (42.7) 9385 (63.7) <0.001
Nx 6 (4.6) 1149 (7.8) 0.007
Distant metastases
MO 97 (74) 10,240 (69.5)
M1 18 (13.7) 2465 (16.7) 0.312
Mx 16 (12.2) 2037 (13.8) 0.489
Resection margin status
RO 69 (52.7) 6280 (42.6)
R1 15 (11.5) 2481 (16.8) 0.037
R2 9(6.9) 750 (5.1) 0.805
missing 38 (29) 5231 (35.5) 0.041
Grading
Gl 15 (11.5) 569 (3.9)
G2 31(23.7) 6735 (45.7) <0.001
G3 36 (27.5) 5897 (40) <0.001
G4 2(1.5) 80 (0.5) 0.945
missing 47 (35.9) 1461 (9.9) 0.508
Lymph vessel invasion
L0 39 (29.8) 3433 (23.3)
L1 43 (32.8) 5158 (35) 0.164
missing 49 (37.4) 6151 (41.7) 0.1
Blood vessel invasion
Vo 53 (40.5) 6213 (42.1)
\2! 26 (19.8) 2088 (14.2) 0.116
missing 52 (39.7) 6441 (43.7) 0.779
Adjuvant therapy 50 (38.2) 4432 (30.1) 0.045
Adjuvant chemotherapy
type
gemcitabine mono 30 (22.9) 2919 (19.8)
5-FU mono 2(1.5) 124 (0.8) 0.54
platin-based 9 (6.9) 363 (2.5) 0.022
other 9 (6.9) 1026 (7) 0.678
none 81 (61.8) 10,310 (69.9) 0.211

N—number; DPR—distal pancreatectomy; PACC—pancreatic acinar cell carcinoma; PD—pancreatoduodenectomy;
PDAC—pancreatic ductal adenocarcinoma; TPE—total pancreatectomy.

3.2. Survival Analysis of PACC Patients

Survival data were available for 218 (93.6%) patients. Of those, 157 (72%) were dead
at last follow-up. Median follow-up was 92 (56 to 158) months. Median overall survival
was 22 (15 to 27) months (Figure 2A), 5-year overall survival rate was 21.5% (16.1 to 28.8%).
Median survival of resected patients was 34 (27 to 45) months, 5-year survival rate 33.1%
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(24.8 to 44.3%). Non-resected patients had a median overall survival of 6 (4 to 10) months.

(Figure 2E)
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Figure 2. Survival of PACC and matched PDAC cohorts. (A) Overall survival of PACC versus PDAC. (B) Survival of PACC
patients according to sex. (C) Survival of PACC patients according to age (67 years or younger versus older than 67 years).
(D) Survival of PACC patients according to distant metastases. (E) Survival of PACC patients according to resection versus

no resection. (F) Survival of PACC patients according to lymph node metastases.
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In the univariable survival analysis, females had better overall prognosis than males
(31 versus 20 months, respectively, p = 0.01) (Figure 2B). Age > 67 years (11 versus 29 months,
p <0.001) (Figure 2C) as well as distant metastases (10 versus 28 months, p < 0.001) were
negative prognostic factors (Figure 2D). The results of the univariable survival analysis are
given in Table 2.

Table 2. Univariable survival analysis for PACC and the propensity score matched PDAC cohort.

PACC PDAC
Median Survival Median Survival
Parameter N Deaths in Months p-Value N Deaths in Months p-Value
(95% CI) (95% CI)
All Patients
Overall 218 157 22 (15t0 27) 654 498 12 (10 to 13)
Sex
male 145 108 20 (13 to 26) 0.01 443 343 11 (9to 12) 0.163
female 73 49 31 (15 to 67) 211 155 13 (11 to 16)
Age
<67 ?ears 118 73 29 (24 to 52) <0.001 354 242 15 (12 to 18) <0.001
>67 years 100 84 11 (6 to 21) 300 256 8(7to11)
Distant metastases
MO 99 63 28 (23 to 42) <0.001 302 204 23 (19 to 28) <0.001
M1 78 65 10 (5 to 22) 238 208 6(5to?)
Therapy
none 52 42 5B to11) <0.001 156 126 4(3to6) <0.001
Operation alone 72 49 34 (24 to 45) 216 172 16 (13 to 19)
neoadjuvant + operation 2 1 NA 6 4 NA
operation + adjuvant 49 27 36 (26 to 69) 147 82 30 (24 to 43)
Cx/Rex 43 38 6 (4to15) 129 114 7 (6t09)
Operation
no 95 80 6 (4 to 10) <0.001 285 240 5(4to6) <0.001
yes 123 77 34 (27 to 45) 369 258 20 (18 to 24)
Subgroup of resected patients without neoadjuvant treatment
Overall 123 77 34 (27 to 45) 369 258 20 (18 to 24)
Sex
male 77 53 27 (24 to 40) 0.004 242 176 19 (15 to 23) 0.169
female 44 23 121 78 22 (18 to 30)
Age
<67 years 69 38 53 (36 to 152) 0.001 209 135 23 (20 to 30) 0.003
>67 years 52 38 24 (20 to 34) 154 119 16 (13 to 22)
T-stage
pT1 6 2 NA 19 14 52 (15 to NA) <0.001
pT2/3 103 64 34 (26 to 42) 315 216 22 (18 to 25)
pT4 7 7 15 (2 to NA) 16 16 7 (5to17)
Lymph node metastases
NO 63 35 45 (29 t0 99) 0.023 190 116 34 (24 to 48) <0.001
N1 52 38 22 (18 to 36) 159 125 15 (12 to 18)
Distant metastases
MO 89 55 29 (26 to 45) 0.709 266 178 24 (22 to 32) <0.001
M1 16 13 32 (22 to 69) 61 53 9 (6to13)
Lymph vessel invasion
36 18 45 (30 to NA) 0.003 116 66 30 (24 to 48) 0.003
L1 42 32 21 (15to 32) 114 80 22 (18 to 26)
Blood vessel invasion
VO 50 29 29 (23 to 56) 0.107 171 99 30 (23 to 47) <0.001
V1 25 17 18 (15 to 42) 48 38 16 (9 to 22)
Resection margin status
RO 66 34 34 (26 t0 99) 0.208 207 121 29 (23 to 40) <0.001
R+ 23 18 23 (15 to 69) 51 44 12 (9 to 25)
Grading
G1/G2 42 33 29 (23 to 45) 0.262 140 108 24 (20 to 34) 0.008

G3/G4 35 25 18 (11 to 32) 103 77 15 (10 to 19)
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PACC PDAC
Median Survival Median Survival
Parameter N Deaths in Months p-Value N Deaths in Months p-Value
(95% CI) (95% CI)
Adjuvant Therapy
no 72 49 34 (24 to 45) 0.48 216 172 16 (13 to 19) <0.001
yes 49 27 36 (26 to 69) 147 82 30 (24 to 43)

Cl—confidence interval; Cx- chemotherapy; N—number; NA—not available; PACC—pancreatic acinar cell carcinoma; PDAC—pancreatic
ductal adenocarcinoma; Rex—radiochemotherapy.

In the multivariable Cox regression, female sex (hazard ratio (HR) 0.6 (0.43 to 0.87),
p = 0.006) and resection were positive prognostic factors (HR 0.34 (0.22 to 0.51), p < 0.001),
while age > 67 was a negative prognostic factor (HR 2.1 (1.51 to 2.91), p < 0.001) (Table 3).

Table 3. Multivariable Cox regression for PACC patients with available survival data (N = 218).

Parameter HR (95% CI) p-Value
Sex (male vs. female) 0.6 (0.43 t0 0.87) 0.006
Age (<67 vs. >67 years) 2.1 (1.51t02.91) <0.001
Distant metastases (M1 vs. M0) 1.2 (0.78 to 1.87) 0.408
Distant metastases (Mx vs. M0) 0.71 (0.43 to 1.16) 0.173
Resection 0.34 (0.22 to 0.51) <0.001

CI—confidence interval, HR—hazard ratio; PACC—pancreatic acinar cell carcinoma.

In the subgroup of patients with upfront surgery, lymph node metastases (22 versus
45 months, p = 0.023) (Figure 2F) and lymph vessel invasion (21 versus 45 months, p = 0.003)
were associated with worse prognosis in the univariable survival analysis.

3.3. Comparison PACC and PDAC

PACC patients were compared to a cohort of 37,940 patients with PDAC (72.2% of
all 52,518 patients). The median age at time of diagnosis of PDAC patients was 70 years
compared to 66 years of PACC patients (p < 0.001). The proportion of male patients was
higher in the PACC cohort (66.1% versus 53.3%, p < 0.001). More patients were resected
in the PACC cohort (56.2% versus 38.9%, p < 0.001). Of those resected, more patients
received adjuvant chemotherapy in the PACC cohort (38.2% versus 30.1%, p = 0.045). PACC
patients underwent distal pancreatectomy more often than PDAC patients (29 versus 8.2%,
respectively, p < 0.001) (Table 1). The estimated overall survival after diagnosis for PACC
patients was 22 (15 to 27) months, and for all PDAC patients, this was 8.1 (8.07 to 8.13)
months (p < 0.001).

The 218 PACC patients with available survival data were matched to 654 patients with
PDAC. The estimated overall survival of the matched PDAC cohort was 12 (10 to 13) months
(Figure 2A). Females had better prognosis in PACC (31 versus 20 months, respectively,
p = 0.01) compared to males but not in PDAC (13 versus 11 months, respectively, p = 0.163).
There were several differences between PACC and the matched PDAC in the subgroup
of patients with upfront surgery: there was no statistically significant difference in the
estimated survival of resected patients without (M0) and with distant metastases (M1)
in PACC (29 versus 32 months, respectively, p = 0.709) but significantly shorter survival
for M1 in PDAC (24 versus 9 months, respectively, p < 0.001); no significant difference
in resection margin status in PACC RO versus R+ (34 versus 23 months, respectively,
p = 0.208) but significant difference in PDAC (29 versus 12 months, respectively, p < 0.001);
no significant difference with adjuvant therapy versus no adjuvant therapy in PACC
(36 versus 34 months, respectively, p = 0.48) but survival benefit for PDAC patients with
adjuvant therapy (30 versus 16 months, respectively, p < 0.001).
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4. Discussion

The results of the current analysis are in line with the results of previous studies,
showing that PACC is a rare type of pancreatic cancer, occurring more often in males and
at a younger age, compared to PDAC. Estimated overall median survival was better in
PACC compared to a matched PDAC cohort (22 versus 12 months, respectively, p < 0.001).
Resection, younger age, and female sex were independent positive prognostic factors. No
survival benefit could be shown for systemic therapy.

Most of the large-scale studies on PACC are based on data from the American National
Cancer Database (NCDB) as well as from the Surveillance, Epidemiology, and End Results
(SEER) registry [3,5,8,18-20]. Some of these studies analyze overlapping cohorts, focusing
on different aspects [5,8,18-20]. Table 4 gives an overview of publications with more than
50 patients included. Three of them, Wisnoski et al., Schmidt et al., and Huang et al,,
presented a comparative analysis of PACC to PDAC [2,3,21].

Table 4. Summary of studies on PACC with more than 50 patients included.

Year of Years of Median Median 5-Year
First Author Publication Data Source Diagnosis Ace Male % Survival in Survival
& 8 Months (Range) Rate (%)
Kitagami [22] 2007 JPS registry 1981 to 2004 115 60 66.9 nr nr
Wisnoski [3] 2008 SEER 1988 to 2003 672 56 53.6 47 (nr) 42.8
Schmidt [2] 2008 NCDB 1985 to 2005 865 67 63.5 nr nr
He [18] 2018 SEER 2004 to 2014 227 65 25.6 16 (11-20) nr
Landa [5] 2018 NCDB 1998 to 2012 980 64 68 nr nr
Patel [8] 2020 NCDB 2004 to 2015 298 nr 72.8 60 (nr) nr
Duorui [20] 2020 SEER 2004 to 2016 252 64 70.6 nr 17.5
SEER + 2005 to 2015 +
Zong [19] 2020 institu-tional 2005 to 2018 306 67 73.5 27 (19-35) 36.8
Takahashi [9] 2021 Multi-center 1996 to 2013 58 61 69 13 (8-19) nr
Huang [21] 2021 Single-center 2006 to 2016 52 nr 59.6 39 (nr) 21.4
Sridharan [23] 2021 Multi-center 1996 to 2019 66 64 70 247

Cl—confidence interval; JPS—Japan Pancreas Society; N—number; NCDB—National Cancer Database, nr—not reported; PACC—
pancreatic acinar cell carcinoma; SEER—Surveillance, Epidemiology, and End Results.

Demographic characteristics of the European cohort described in this study were
comparable to those reported of cohorts from the United States. Most of the NCBI/SEER-
based studies reported a median age of PACC patients about 65 years. Patients in the two
Japanese publications, Kitagami et al. and Takahashi et al., were younger with median
ages 60 and 61 years [9,22]. In the current study, the median age for PACC patients was
66 years, compared to 70 years for PDAC patients (p < 0.001). Similarly, a higher median
age for PDAC was reported by Wisnoski et al. (56 vs. 70 years, p < 0.001) and Schmidt et al.
(67 vs. 70 years, p < 0.001) [2,3]. Huang et al. reported a higher mean age for PDAC (50.8 vs.
59.4 years, p > 0.001) [21].

All but one study reported the predominance of the male sex with 54-74%. In our
study, the proportion of males in PACC was 66.1% and, thus, significantly higher than in
PDAC (53.3%, p < 0.001). A significantly higher male proportion in PACC than in PDAC
was reported also in Wisnoski et al. (53.6 vs. 48.4%, respectively, p < 0.01) and Schmidt et al.
(63.5 vs. 49.9%, respectively, p < 0.001) [2,3].

The proportion of PACC patients with distant metastases was lower than that of PDAC
patients (33.9% vs. 40%, respectively, p = 0.002). However, because of the high proportion
of unknown metastases status Mx in both groups (20.6% in PACC versus 25.8% in PDAC),
the actual distribution might be different. In resected patients, lymph node metastases N1
were more common in PDAC (63.7%) than in PACC (42.7%, p < 0.001). Here, the proportion
of unknown lymph node status Nx was much lower (4.6% PACC and 7.8% PDAC) and,
thus, would not impact the NO to N1 distribution significantly. Schmidt et al. similarly
reported a higher proportion of lymph node metastases in PDAC (N1 PACC 32.1% versus
48.5% PDAC) [2]. Wisnoski et al. reported higher proportions of distant metastases M1
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and lymph node metastases N1 for PACC, but again here the proportion of Mx and Nx
was too high to draw a conclusion about the actual distribution [3].

PACC showed a much better prognosis with an estimated median survival time of
22 months (95% CI 15 to 27) compared to the PDAC cohort with 8.1 months (95% CI 8.07 to
8.13). To account for the differences in stage, sex, and age distribution as well as differences
in therapies applied, we performed a propensity score matching of 1:3 PACC to PDAC
patients. After matching, the difference in overall median survival was smaller but still
significantly better in PACC (22 vs. 12 months, p < 0.001). Resection was the strongest
positive prognostic factor for PACC, after adjustment for age, sex, and distant metastases
(OR 0.34, 95% CI0.22 to 0.51, p < 0.001).

Among resected PACC patients, lymph node metastases were a negative prognostic
factor. Positive resection margin was not associated with survival, but the analysis might be
biased and underpowered because of missing data. It is noteworthy that distant metastases
were a negative prognostic factor in resected PDAC patients but not in PACC patients.
Though this result should be interpreted with caution due to potential bias, metastases
resection should be given consideration for PACC patients. Similar to our study, Landa et al.
reported 12% of 566 resected PACC patients to be stage IV, with an estimated 5-year survival
of 19% versus 4% (p < 0.001) of not resected stage IV patients [5]. There have been several
case reports of successful curative resections of metastases in PACC [24-29]. Ohara et al.
reported the successful resection of metachronous rectal and liver metastases, Kittaki et al.
and Villano et al. performed resections of liver metastases after systemic therapy, and
Suzuki et al. published a case of a patient with long-term survival after repetitive resection
of recurrent liver metastases [26-29]. Hartwig et al. reported the successful resection in four
out of six patients with metastatic PACC [24]. Besides resection, radiofrequency ablation
has been reported to be successful in treating liver metastases in PACC patients and should
be given consideration in the multimodal treatment strategy [30,31].

Our study did not demonstrate any survival benefit of systemic therapy in PACC,
while adjuvant as well as palliative systemic therapy was associated with better prognosis
in the matched PDAC cohort. In a recent study, Patel et al. demonstrated a survival
benefit for adjuvant chemotherapy in PACC in a multivariable Cox regression analysis [8].
Because of the small number of patients (N = 131) and differently distributed missing
data among the variables, we did not perform a multivariable analysis for the subgroup
of resected patients. Furthermore, the most common regime of adjuvant chemotherapy
given for PACC was gemcitabine monotherapy in 30 patients (60% of patients with ad-
juvant chemotherapy). The results of several previous studies suggest that gemcitabine
monotherapy might not lead to a response in PACC patients but, rather, platin-based
regimes should be given preference [4,9,23,32-34]. Thus, the lack of overall survival benefit
of adjuvant therapy in our study might also be due to the high proportion of patients with
gemcitabine monotherapy:.

Studies of the molecular biology of PACC have shown frequent aberrant DNA methy-
lation and chromosomal abnormalities, and it has been reported that about one third of
PACC have targetable genetic alterations in genes such as BRAF, BRCA2, SMAD4, RAF1,
NTRK1 [10,35]. Corresponding targeted therapies have been successfully applied [32,36,37].
Thus, molecular profiling should have an integral role in guiding therapeutic decisions in
patients with PACC.

5. Conclusions

It is important to bear in mind that PACC has features distinct from PDAC. Radical
surgical resection should be advocated, including resection of metastases, whenever fea-
sible. Though the role of systemic therapy is not well defined, it should be considered at
least for patients with advanced disease.



Cancers 2021, 13, 6121 11 of 12

Author Contributions: Conceptualization, UFEW.; Data curation, AK.N., R.B.,, KCH., KK.v.T,
S.T.-B.,PB.,S.Z. and U.EW.,; Formal analysis, E.P., ] W. and U.EW.; Methodology, E.P, J.W. and U.EW.;
Project administration, R.H., M.K.-S. and U.EW.; Software, E.P,, JW,, S.Z. and U.EW.,; Supervision,
T.XK.; Validation, R.B., K.C.H., L.B. and S.R.Z.; Writing—original draft, E.P.; Writing—review and
editing, E.P, JW.,, AKN, RB, K.CH, LB,RH,MK-S,SRZ,KKvT,ST-B,PB.,S.Z, TK. and
U.EW. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding,.

Institutional Review Board Statement: The study was approved by the local ethics committee of
the University of Liibeck, Germany (Reference Number: 20-319).

Informed Consent Statement: Patient consent was waived due to the analysis of anonymized data.

Data Availability Statement: Data were obtained from The Society of German Tumor Centers
(Arbeitsgemeinschaft Deutscher Tumorzentren, ADT) and are available from the authors with the
permission of The Society of German Tumor Centers.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Thompson, E.D.; Wood, L.D. Pancreatic Neoplasms with Acinar Differentiation: A Review of Pathologic and Molecular Features.
Arch. Pathol. Lab. Med. 2020, 144, 808-815. [CrossRef] [PubMed]

2. Schmidt, C.M.; Matos, ].M.; Bentrem, D.].; Talamonti, M.S.; Lillemoe, K.D.; Bilimoria, K.Y. Acinar Cell Carcinoma of the Pancreas
in the United States: Prognostic Factors and Comparison to Ductal Adenocarcinoma. J. Gastrointest. Surg. 2008, 12, 2078-2086.
[CrossRef] [PubMed]

3. Wisnoski, N.C.; Townsend, C.M.; Nealon, W.H.; Freeman, J.L.; Riall, T.S. 672 Patients with Acinar Cell Carcinoma of the Pancreas:
A Population-Based Comparison to Pancreatic Adenocarcinoma. Surgery 2008, 144, 141-148. [CrossRef] [PubMed]

4. Kruger, S.; Haas, M.; Burger, PJ.; Ormanns, S.; Modest, D.P.; Westphalen, C.B.; Kleespies, A.; Angele, M.K.; Hartwig, W.; Bruns,
C.J.; etal. Acinar Cell Carcinoma of the Pancreas: A Rare Disease with Different Diagnostic and Therapeutic Implications than
Ductal Adenocarcinoma. J. Cancer Res. Clin. Oncol. 2016, 142, 2585-2591. [CrossRef]

5. Landa, K,; Freischlag, K.; Nussbaum, D.P; Youngwirth, L.M.; Blazer, D.G. Underutilization of Surgical Resection in Patients with
Pancreatic Acinar Cell Carcinoma. HPB 2019, 21, 687-694. [CrossRef]

6. Seth, A K.; Argani, P; Campbell, K.A.; Cameron, J.L.; Pawlik, T.M.; Schulick, R.D.; Choti, M.A.; Wolfgang, C.L. Acinar Cell
Carcinoma of the Pancreas: An Institutional Series of Resected Patients and Review of the Current Literature. J. Gastrointest. Surg.
2008, 12, 1061-1067. [CrossRef] [PubMed]

7.  Wang, Y.; Wang, S.; Zhou, X.; Zhou, H.; Cui, Y,; Li, Q.; Zhang, L. Acinar Cell Carcinoma: A Report of 19 Cases with a Brief Review
of the Literature. World ]. Surg. Oncol. 2016, 14, 172. [CrossRef] [PubMed]

8.  Patel, D.J.; Lutfi, W.; Sweigert, P,; Eguia, E.; Abood, G.; Knab, L.; Kuo, P.C.; Baker, M.S. Clinically Resectable Acinar Cell Carcinoma
of the Pancreas: Is There a Benefit to Adjuvant Systemic Therapy? Am. J. Surg. 2020, 219, 522-526. [CrossRef] [PubMed]

9.  Takahashi, H.; Ikeda, M.; Shiba, S.; Imaoka, H.; Todaka, A.; Shioji, K.; Yane, K.; Kojima, Y.; Kobayashi, S.; Asagi, A.; et al.
Multicenter Retrospective Analysis of Chemotherapy for Advanced Pancreatic Acinar Cell Carcinoma: Potential Efficacy of
Platinum- and Irinotecan-Containing Regimens. Pancreas 2021, 50, 77-82. [CrossRef] [PubMed]

10. Jakel, C.; Bergmann, F; Toth, R.; Assenov, Y.; van der Duin, D.; Strobel, O.; Hank, T.; Kloppel, G.; Dorrell, C.; Grompe, M.; et al.
Genome-Wide Genetic and Epigenetic Analyses of Pancreatic Acinar Cell Carcinomas Reveal Aberrations in Genome Stability.
Nat. Commun. 2017, 8, 1323. [CrossRef]

11.  Cancer in Germany in 2015/2016, 12th ed.; Robert Koch Institute and the Association of Populationbased Cancer Registries in
Germany; Robert Koch Institute: Berlin, Germany, 2020.

12.  Einheitlicher Onkologischer Basisdatensatz [Internet]. Available online: https:/ /www.basisdatensatz.de/ (accessed on 23 February 2021).

13.  Fritz, A.G. International Classification of Diseases for Oncology: ICD-O, 3th ed.; First Revision; World Health Organization: Geneva,
Switzerland, 2013; ISBN 978-92-4-154849-6.

14. Brierley, J.; Gospodarowicz, M.K.; Wittekind, C. TNM Classification of Malignant Tumours, 8th ed.; John Wiley & Sons, Inc.:
Chichester, UK; Hoboken, NJ, USA, 2017; ISBN 9781119263579.

15. Cong, L.; Liu, Q.; Zhang, R.; Cui, M.; Zhang, X.; Gao, X.; Guo, J.; Dai, M.; Zhang, T.; Liao, Q.; et al. Tumor Size Classification of
the 8th Edition of TNM Staging System Is Superior to that of the 7th Edition in Predicting the Survival Outcome of Pancreatic
Cancer Patients after Radical Resection and Adjuvant Chemotherapy. Sci. Rep. 2018, 8, 10383. [CrossRef] [PubMed]

16. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2020; Available online: https:/ /www.R-project.org/ (accessed on 1 October 2021).

17.  Ho, D.E,; Imai, K;; King, G.; Stuart, E.A. Matchlt: Nonparametric Preprocessing for Parametric Causal Inference. J. Stat. Softw.

2011, 42, 1-28. [CrossRef]


http://doi.org/10.5858/arpa.2019-0472-RA
http://www.ncbi.nlm.nih.gov/pubmed/31869246
http://doi.org/10.1007/s11605-008-0705-6
http://www.ncbi.nlm.nih.gov/pubmed/18836784
http://doi.org/10.1016/j.surg.2008.03.006
http://www.ncbi.nlm.nih.gov/pubmed/18656619
http://doi.org/10.1007/s00432-016-2264-7
http://doi.org/10.1016/j.hpb.2018.10.014
http://doi.org/10.1007/s11605-007-0338-1
http://www.ncbi.nlm.nih.gov/pubmed/17957440
http://doi.org/10.1186/s12957-016-0919-0
http://www.ncbi.nlm.nih.gov/pubmed/27352960
http://doi.org/10.1016/j.amjsurg.2019.10.013
http://www.ncbi.nlm.nih.gov/pubmed/31677782
http://doi.org/10.1097/MPA.0000000000001718
http://www.ncbi.nlm.nih.gov/pubmed/33370026
http://doi.org/10.1038/s41467-017-01118-x
https://www.basisdatensatz.de/
http://doi.org/10.1038/s41598-018-28193-4
http://www.ncbi.nlm.nih.gov/pubmed/29991730
https://www.R-project.org/
http://doi.org/10.18637/jss.v042.i08

Cancers 2021, 13, 6121 12 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

He, C.; Zhang, Y.; Cai, Z.; Duan, F; Lin, X,; Li, S. Nomogram to Predict Cancer-Specific Survival in Patients with Pancreatic Acinar
Cell Carcinoma: A Competing Risk Analysis. J. Cancer 2018, 9, 4117-4127. [CrossRef] [PubMed]

Zong, Y.,; Qi, C.; Peng, Z.; Shen, L.; Zhou, ]. Patients with Acinar Cell Carcinoma of the Pancreas After 2005: A Large Population
Study. Pancreas 2020, 49, 781-787. [CrossRef] [PubMed]

Duorui, N.; Shi, B.; Zhang, T.; Chen, C.; Fang, C.; Yue, Z.; Wu, P.; Wu, Z.; Huang, X.; Li, M. The Contemporary Trend in Worsening
Prognosis of Pancreatic Acinar Cell Carcinoma: A Population-Based Study. PLoS ONE 2020, 15, e0243164. [CrossRef]

Huang, X,; Li, M.; Zhang, L.; Xiong, J.; Lu, H.; Tian, B. Clinical Characteristics and Treatment Analysis of Pancreatic Acinar Cell
Carcinoma: A Single Institutional Comparison to Pancreatic Ductal Adenocarcinoma. Surg. Oncol. 2021, 37, 101528. [CrossRef]
[PubMed]

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, 42—46. [CrossRef]
Sridharan, V.; Mino-Kenudson, M.; Cleary, ] M.; Rahma, O.E.; Perez, K.; Clark, ].W.; Clancy, T.E.; Rubinson, D.A.; Goyal, L.;
Bazerbachi, E; et al. Pancreatic Acinar Cell Carcinoma: A Multi-Center Series on Clinical Characteristics and Treatment Outcomes.
Pancreatology 2021, 21, 1119-1126. [CrossRef] [PubMed]

Hartwig, W.; Denneberg, M.; Bergmann, F; Hackert, T.; Hinz, U.; Strobel, O.; Biichler, M.W.; Werner, J. Acinar Cell Carcinoma of
the Pancreas: Is Resection Justified Even in Limited Metastatic Disease? Am. J. Surg. 2011, 202, 23-27. [CrossRef]

Clarke, E.M.; Stevens, S.G.; Bennett, T.; Crowley, P,; Starkey, G. The Surgical Management of Metastatic Pancreatic Acinar Cell
Carcinoma and Associated Pancreatic Panniculitis—A Case Report and Literature Review. Int. ]. Surg. Case Rep. 2020, 76, 539-544.
[CrossRef]

Suzuki, A.; Sakaguchi, T.; Morita, Y.; Oishi, K.; Fukumoto, K.; Inaba, K.; Takehara, Y.; Baba, S.; Suzuki, S.; Konno, H. Long-Term
Survival after a Repetitive Surgical Approach in a Patient with Acinar Cell Carcinoma of the Pancreas and Recurrent Liver
Metastases: Report of a Case. Surg. Today 2010, 40, 679-683. [CrossRef] [PubMed]

Kittaka, H.; Takahashi, H.; Ohigashi, H.; Gotoh, K.; Yamada, T.; Shingai, T.; Motoori, M.; Kishi, K.; Noura, S.; Fujiwara, Y.; et al.
Multimodal Treatment of Hepatic Metastasis in the Form of a Bile Duct Tumor Thrombus from Pancreatic Acinar Cell Carcinoma:
Case Report of Successful Resection after Chemoradiation Therapy. Case Rep. Gastroenterol. 2012, 6, 518-522. [CrossRef] [PubMed]
Villano, A.M.; Barrak, D.; Jain, A.; Meslar, E.; Radkani, P.; Chalhoub, W.; Haddad, N.; Winslow, E.; Fishbein, T.; Hawksworth, J.
Robot-Assisted Combined Pancreatectomy/Hepatectomy for Metastatic Pancreatic Acinar Cell Carcinoma: Case Report and
Review of the Literature. Clin. J. Gastroenterol. 2020, 13, 973-980. [CrossRef] [PubMed]

Ohara, Y.; Oda, T.; Enomoto, T.; Hisakura, K.; Akashi, Y.; Ogawa, K.; Owada, Y.; Domoto, Y.; Miyazaki, Y.; Shimomura, O.; et al.
Surgical Resection of Hepatic and Rectal Metastases of Pancreatic Acinar Cell Carcinoma (PACC): A Case Report. World . Surg.
Oncol. 2018, 16, 158. [CrossRef] [PubMed]

Di Marco, M; Carloni, R.; De Lorenzo, S.; Grassi, E.; Palloni, A.; Formica, F,; Brocchi, S.; Filippini, D.M.; Golfieri, R.; Brandi, G.
Long-Term Survival of Two Patients with Recurrent Pancreatic Acinar Cell Carcinoma Treated with Radiofrequency Ablation: A
Case Report. World ]. Clin. Cases 2020, 8, 1241-1250. [CrossRef]

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, 363-369. [CrossRef]
[PubMed]

Lowery, M.A.; Klimstra, D.S.; Shia, J.; Yu, K.H.; Allen, PJ.; Brennan, M.E,; O’Reilly, EMM. Acinar Cell Carcinoma of the Pancreas:
New Genetic and Treatment Insights into a Rare Malignancy. Oncologist 2011, 16, 1714-1720. [CrossRef]

Yoo, C.; Kim, BJ.; Kim, K.-P; Lee, J.-L.; Kim, TW.; Ryoo, B.-Y.; Chang, H.-M. Efficacy of Chemotherapy in Patients with
Unresectable or Metastatic Pancreatic Acinar Cell Carcinoma: Potentially Improved Efficacy with Oxaliplatin-Containing
Regimen. Cancer Res. Treat. 2017, 49, 759-765. [CrossRef]

Seki, Y.; Okusaka, T.; Ikeda, M.; Morizane, C.; Ueno, H. Four Cases of Pancreatic Acinar Cell Carcinoma Treated with Gemcitabine
or S-1 as a Single Agent. Jpn. J. Clin. Oncol. 2009, 39, 751-755. [CrossRef] [PubMed]

Jiao, Y,; Yonescu, R.; Offerhaus, G.J.A.; Klimstra, D.S.; Maitra, A.; Eshleman, J.R.; Herman, ].G.; Poh, W.; Pelosof, L.; Wolfgang, C.L.;
et al. Whole-Exome Sequencing of Pancreatic Neoplasms with Acinar Differentiation: Sequencing of Pancreatic Neoplasms with
Acinar Differentiation. J. Pathol. 2014, 232, 428-435. [CrossRef]

Al-Hader, A.; Al-Rohil, R.N.; Han, H.; Von Hoff, D. Pancreatic Acinar Cell Carcinoma: A Review on Molecular Profiling of Patient
Tumors. World ]. Gastroenterol. 2017, 23, 7945-7951. [CrossRef] [PubMed]

Gupta, M.; Sherrow, C.; Krone, M.E.; Blais, E.M.; Pishvaian, M.J.; Petricoin, E.F.; Matrisian, L.M.; DeArbeloa, P.; Gregory, G.;
Brown, A.; et al. Targeting the NTRK Fusion Gene in Pancreatic Acinar Cell Carcinoma: A Case Report and Review of the
Literature. J. Natl. Compr. Cancer Netw. 2021, 19, 10-15. [CrossRef] [PubMed]


http://doi.org/10.7150/jca.26936
http://www.ncbi.nlm.nih.gov/pubmed/30519311
http://doi.org/10.1097/MPA.0000000000001573
http://www.ncbi.nlm.nih.gov/pubmed/32541633
http://doi.org/10.1371/journal.pone.0243164
http://doi.org/10.1016/j.suronc.2021.101528
http://www.ncbi.nlm.nih.gov/pubmed/33611029
http://doi.org/10.1097/mpa.0b013e31804bfbd3
http://doi.org/10.1016/j.pan.2021.05.011
http://www.ncbi.nlm.nih.gov/pubmed/34023183
http://doi.org/10.1016/j.amjsurg.2010.06.004
http://doi.org/10.1016/j.ijscr.2020.10.062
http://doi.org/10.1007/s00595-009-4128-0
http://www.ncbi.nlm.nih.gov/pubmed/20582524
http://doi.org/10.1159/000341915
http://www.ncbi.nlm.nih.gov/pubmed/22949891
http://doi.org/10.1007/s12328-020-01146-z
http://www.ncbi.nlm.nih.gov/pubmed/32583372
http://doi.org/10.1186/s12957-018-1457-8
http://www.ncbi.nlm.nih.gov/pubmed/30075727
http://doi.org/10.12998/wjcc.v8.i7.1241
http://doi.org/10.1007/s00423-010-0706-2
http://www.ncbi.nlm.nih.gov/pubmed/20803029
http://doi.org/10.1634/theoncologist.2011-0231
http://doi.org/10.4143/crt.2016.371
http://doi.org/10.1093/jjco/hyp085
http://www.ncbi.nlm.nih.gov/pubmed/19666905
http://doi.org/10.1002/path.4310
http://doi.org/10.3748/wjg.v23.i45.7945
http://www.ncbi.nlm.nih.gov/pubmed/29259370
http://doi.org/10.6004/jnccn.2020.7641
http://www.ncbi.nlm.nih.gov/pubmed/33406492

	Introduction 
	Materials and Methods 
	Study Design and Ethics 
	German Clinical Cancer Registries 
	Patients 
	Study Parameters 
	Statistical Methods 
	Survival Analysis 

	Results 
	Basic Characteristics of the PACC Cohort 
	Survival Analysis of PACC Patients 
	Comparison PACC and PDAC 

	Discussion 
	Conclusions 
	References

