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Plain language summary 
Should rare subtypes of pancreatic cancer be treated as its most common variant (ductal 
adenocarcinoma)?

The most common type of pancreatic cancer is ductal adenocarcinoma. While much 
attention has been given to the molecular aspects and treatment aspects of this disease, 
rare variants of pancreatic cancer have been underappreciated. Some of them present 
unique molecular features that suggest different treatment approaches could lead to 
better outcomes. In this review, we summarize information on the clinical, pathological, 
and molecular features of rare subtypes of pancreatic cancer, along with subtype-specific 
data on treatment.
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A narrative review on rare types of 
pancreatic cancer: should they be treated  
as pancreatic ductal adenocarcinomas?
Victor Hugo Fonseca de Jesus , Mauro Daniel Spina Donadio ,  
Ângelo Borsarelli Carvalho de Brito and Arthur Conelian Gentilli

Abstract:  Pancreatic cancer is one of the deadliest malignancies in humans and it is expected 
to play a bigger part in cancer burden in the years to come. Pancreatic ductal adenocarcinoma 
(PDAC) represents 85% of all primary pancreatic malignancies. Recently, much attention 
has been given to PDAC, with significant advances in the understanding of the mechanisms 
underpinning disease initiation and progression, along with noticeable improvements in 
overall survival in both localized and metastatic settings. However, given their rarity, rare 
histological subtypes of pancreatic cancer have been underappreciated and are frequently 
treated as PDAC, even though they might present non-overlapping molecular alterations 
and clinical behavior. While some of these rare histological subtypes are true variants of 
PDAC that should be treated likewise, others represent separate clinicopathological entities, 
warranting a different therapeutic approach. In this review, we highlight clinical, pathological, 
and molecular aspects of rare histological types of pancreatic cancer, along with the currently 
available data to guide treatment decisions.

Correspondence to:	
Victor Hugo Fonseca  
de Jesus  
Oncoclínicas, Department 
of Gastrointestinal 
Medical Oncology, Santos 
Dumont St. 182, 4th floor, 
Florianópolis, Santa 
Catarina 88015-020, Brazil 

Department of Medical 
Oncology, Centro de 
Pesquisas Oncológicas, 
Florianópolis, Santa 
Catarina, Brazil 
victor.jesus@medicos.
oncoclinicas.com

Mauro Daniel Spina 
Donadio  
Oncoclínicas, Department 
of Gastrointestinal Medical 
Oncology, São Paulo, 
Brazil

Ângelo Borsarelli 
Carvalho de Brito  
Department of Medical 
Oncology, A.C. Camargo 
Cancer Center, São Paulo, 
Brazil

Arthur Conelian Gentilli  
Department of Pathology, 
Centro de Pesquisas 
Oncológicas, Florianópolis, 
Santa Catarina, Brazil

1265213 TAM0010.1177/17588359241265213Therapeutic Advances in Medical OncologyVHF de Jesus, MDS Donadio
review-article20242024

Review

Introduction
Pancreatic cancer is currently the 12th most 
incident malignant neoplasm and the 6th most 
common cause of cancer-related death world-
wide.1 In the USA, pancreatic cancer ranks 10th 
and 7th among the most frequent cancers among 

men and women, respectively.2 Additionally, in 
women pancreatic cancer has surpassed colo-
rectal cancer as the third most common cause of 
cancer-related death among women. Indeed, 
data from developed and developing countries 
have systematically predicted an increasing 
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epidemiological burden from pancreatic cancer 
in the years to come.3–5

Pancreatic ductal adenocarcinoma (PDAC) rep-
resents 85% of all malignant pancreatic tumors.6 
For this tumor, current guidelines [e.g. National 
Comprehensive Cancer Network and European 
Society of Medical Oncology (ESMO)] support 
the use of polychemotherapy regimens such as 
FOLFIRINOX and gemcitabine plus nab-pacli-
taxel in multiple clinical scenarios based on the 
results of randomized clinical trials (RCTs) that 
showed improved survival when compared to sin-
gle-agent gemcitabine.7,8 While PDAC has been 
given proper attention given its relative chemore-
sistance and increasing epidemiological burden, 
rare variants of pancreatic cancer have been 
underappreciated as patients with such tumors 
have been systematically excluded from clinical 
trials of pancreatic cancer.9 However, recent data 
suggest the incidence of some of these variants 
has increased at a faster pace than that of PDAC. 
Additionally, molecular analyses have shown 
some of these tumors have specific molecular 
alterations that segregate them from PDAC, sug-
gesting that at least some of the lessons learned 

from studies of PDAC might not be automatically 
transferred to the treatment of patients with rare 
histological variants of pancreatic cancer.

In this narrative review, we explore clinical, patho-
logical, and molecular data specific to these rare 
variants of pancreatic cancer to help understand 
histology-tailored treatment. On 1 December 
2023, we searched PubMed from 2013 onward 
using descriptors for rare variants of pancreatic 
cancer and employed backward reference listing to 
conduct and write this narrative review. We also 
looked for relevant abstracts presented at the 
American Society of Clinical Oncology and ESMO 
annual meetings. We made no restrictions based 
on language, publication status, or type of manu-
script. We didactically distinguish variants of 
PDAC according to the World Health Organization 
(WHO) Digestive System Tumor Classification 
from other epithelial malignancies arising in the 
pancreas. Table 1 outlines key clinical and patho-
logical aspects of these rare pancreatic cancer sub-
types. Table 2 summarizes the role of different 
treatment modalities in the management of these 
tumors, rating the strength of recommendation 
according to the GRADE handbook.10

Table 1.  Key clinical, pathological, and molecular data of rare histological subtypes of pancreatic cancer.

Histological 
subtype

Age Sex Location Size Pathological 
features

Molecular 
features

Prognosis

PDAC variants

 � Adenosquamous 
carcinoma

Median 65–
70 years11–14

Slightly more 
frequent in 
males12,15–17

Mainly in 
pancreatic 
body/
tail12–14,18

Larger 
than 
PDAC12,13,18

⩾30% squamous 
component19

KRAS, CDKN2A, 
TP53, SMAD4 
mutations20–23

Worse than 
PDAC (most 
studies)11–14,16,18,24

 � Undifferentiated 
carcinoma

Median 65–
70 years25–27

More frequent 
in males25–27

Less 
frequently 
in 
pancreatic 
head than 
PDAC25–28

Larger 
than 
PDAC25–27

⩾80% 
pleomorphic or 
spindle cells19

KRAS, CDKN2A, 
TP53, SMAD4 
mutations23

Worse than 
PDAC26,27

 � Undifferentiated 
carcinoma with 
giant cells

Median 55–
65 years27,29

More frequent 
in females27,29

Mainly in 
pancreatic 
head27,29

Larger 
than 
PDAC27,29

Multinucleated 
giant osteoclast-
like cells19

KRAS, CDKN2A, 
TP53, SMAD4 
mutations30,31

Better than 
PDAC25,26

 � Primary signet 
ring carcinoma

Median 65–
70 years32

Slightly more 
frequent in 
males32

Mainly in 
pancreatic 
head32,33

Similar to 
PDAC34

⩾80% signet 
ring cells19

KRAS, CDKN2A, 
TP53, SMAD4 
mutations34

Worse than 
PDAC32–34

 � Hepatoid 
carcinoma

Median 55–
60 years35

More frequent 
in males35

Mainly in 
pancreatic 
body/
tail35,36

Larger 
than 
PDAC35

Cells with 
hepatoid 
appearance19

WT KRAS; 
BAP1 mutation; 
CDKN2A/B 
mutation37,38

Variable35

(Continued)
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Histological 
subtype

Age Sex Location Size Pathological 
features

Molecular 
features

Prognosis

 � Medullary 
carcinoma

Median 65–
70 years39

More frequent 
in males39

Mainly in 
pancreatic 
body/tail40

Similar to 
PDAC39

Poorly 
differentiated 
cell with 
syncytial 
growth19

Mostly WT KRAS
Higher 
frequency 
of dMMR/
MSI-H39,41

Somewhat better 
than PDAC19,42

Other malignant epithelial neoplasms

 � Acinar cell 
carcinoma

Median 55–
70 years43–49

More frequent 
in males43–49

Mainly in 
pancreatic 
head45

Larger 
than 
PDAC50–53

Cells with acinar 
differentiation 
and exocrine 
secretory 
granules54

WT KRAS; HR 
deficiency; 
RAF/MET 
fusions23,55–58

Better than 
PDAC59

 � Adult 
pancreatoblastoma

Median 37–
41 years60–63

Equally 
distributed60,61

Mainly in 
pancreatic 
head60,61

Larger 
than 
PDAC60,61,63

Squamous nests 
and cellular 
stroma64

WT KRAS, 
CTNNB1, and 
APC mutations65

Better than 
PDAC66

 � Invasive IPMN Median 65–
70 years67–70

Slightly more 
frequent in 
males67–70

Mainly in 
pancreatic 
head71

Similar to 
PDAC69,72

Tubular or 
colloid invasive 
component of 
IPMN

KRAS and GNAS 
mutations; 
RNF43 
mutations; 
TP53, CDKN2A, 
and SMAD4 
mutations as 
late events73,74

Better than PDAC 
(most studies), 
especially for 
colloid invasive 
component70,75–79

 � Invasive MCN 
(IPMN)

Median 
55 years80,81

Almost 
exclusively in 
women82,83

Almost 
exclusively 
in 
pancreatic 
body/
tail82,84

Larger 
than 
PDAC82,85

Mucin-producing 
tumor with 
ovarian-like 
stroma and 
invasive 
component82

Variable 
frequency 
of KRAS 
mutations; 
RNF43 
mutations; 
WT GNAS; 
TP53, CDKN2A, 
and SMAD4 
mutations as 
late events74,86,87

Better than 
PDAC, 
particularly 
in localized 
setting68,88

 � Solid 
pseudopapillary 
tumor

Median 27–
30 years89–91

Almost 
exclusively in 
women89–91

Mainly in 
pancreatic 
body/
tail92–97

Larger 
than 
PDAC90,98

Poorly cohesive 
cells forming 
solid and 
pseudopapillary 
structures99

CTNNB1 
mutations100–103

Better than 
PDAC, also in 
the metastatic 
setting90,104

dMMR, defective mismatch repair; IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; MSI-H, microsatellite 
instability; HR, homologous recombination; PDAC, pancreatic ductal adenocarcinoma.

Table 2.  Summary of the role of different treatment modalities in the management of rare histological subtypes of pancreatic cancer.

Histological 
subtype

Surgery in the 
localized setting

Surgery in the 
metastatic setting

Adjuvant chemotherapy Adjuvant 
radiotherapy

Chemotherapy for 
advanced disease

PDAC variants

 � Adenosquamous 
carcinoma

Cornerstone 
of curative 
treatment11,14,18 
(strong 
recommendation)

Not standard (weak 
recommendation)

Associated with improved 
survival14,18,105–108 (strong 
recommendation)
Platinum-based adjuvant 
chemotherapy might be 
more effective108 (strong 
recommendation)

Might lead 
to improved 
survival105,107,109 
(weak 
recommendation)

Associated with 
improved survival110 
(strong recommendation)
FFX and GEM-NAB have 
similar activity15,17 (weak 
recommendation)

Table 1.  (Continued)

(Continued)
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Histological 
subtype

Surgery in the 
localized setting

Surgery in the 
metastatic setting

Adjuvant chemotherapy Adjuvant 
radiotherapy

Chemotherapy for 
advanced disease

 � Undifferentiated 
carcinoma

Cornerstone 
of curative 
treatment,25–27,111 
with possible 
exception of 
anaplastic 
(pleomorphic) 
carcinoma26,112 
(strong 
recommendation)

Not standard (weak 
recommendation)

Controversial 
role of adjuvant 
chemotherapy.26,111,113 
However, given molecular 
similarity with PDAC 
and the poor prognosis, 
polychemotherapy should 
be considered (strong 
recommendation)

Limited data 
suggest improved 
survival26,113 
(weak 
recommendation)

Associated with 
improved survival26 
(strong recommendation)
Limited data suggest 
paclitaxel-based 
regimens seem to have 
higher activity114–117 
(weak recommendation)

 � Primary signet 
ring carcinoma

Cornerstone 
of curative 
treatment32,33 
(strong 
recommendation)

Not standard (weak 
recommendation)

Associated with improved 
survival33 (strong 
recommendation)

Not associated 
with improved 
survival33 (weak 
recommendation)

Associated with 
improved survival33 
(strong recommendation)
Gemcitabine-based 
chemotherapy has been 
shown to be active,118 
but FFX and GEM-NAB 
should be considered 
(strong recommendation)

 � Hepatoid 
carcinoma

Cornerstone 
of curative 
treatment35 
(strong 
recommendation)

Might be 
recommended 
in the setting of 
limited metastatic 
disease119,120 (weak 
recommendation)

Role of adjuvant 
chemotherapy in 
unknown (weak 
recommendation)
Reasonable to 
recommend adjuvant 
chemotherapy, especially 
for patients with 
lymph node-positive 
disease38,121,122 (weak 
recommendation)

No data (weak 
recommendation)

Little data on the efficacy 
of systemic therapy. 
FFX has been shown 
to be active119 (weak 
recommendation)
Sorafenib has been 
used somewhat 
successfully123,124 (weak 
recommendation)

 � Medullary 
carcinoma

Cornerstone 
of curative 
treatment125 
(strong 
recommendation)

Might be 
recommended 
in the setting of 
limited metastatic 
disease126 (weak 
recommendation)

Role of adjuvant 
chemotherapy is unknown 
(weak recommendation)
S-1 and FFX have been 
used in the adjuvant 
setting40,42 (weak 
recommendation)

No data (weak 
recommendation)

No data (weak 
recommendation)
In the neoadjuvant 
setting, FFX has been 
shown to be active (weak 
recommendation)
Immune checkpoint 
inhibitors according 
to dMMR/MSI-H and 
TMB (POLE mutations) 
status127–129 (strong 
recommendation)

Other malignant epithelial neoplasms

 � Acinar cell 
carcinoma

Cornerstone 
of curative 
treatment49,130,131 
(strong 
recommendation)

Might be 
recommended 
in the setting of 
limited metastatic 
disease132–134 (weak 
recommendation)

Controversial role of 
adjuvant chemotherapy, 
especially for lymph 
node-negative 
disease43,48,49,135–138 (weak 
recommendation)
High relapse rates and 
high frequency of HRR 
deficiency suggest a 
role for FFX55,56,130 (weak 
recommendation)

Limited data 
suggest improved 
survival139 (weak 
recommendation)

Improved efficacy 
of 5-fluorouracil-
based chemotherapy 
regimens, especially 
when combined with 
oxaliplatin and/or 
irinotecan140,141 (strong 
recommendation)
Potentially targetable 
alterations, including 
HRR deficiency and 
fusions (RAF, BRAF, 
RET)142–147 (strong 
recommendation)

Table 2.  (Continued)

(Continued)
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Histological 
subtype

Surgery in the 
localized setting

Surgery in the 
metastatic setting

Adjuvant chemotherapy Adjuvant 
radiotherapy

Chemotherapy for 
advanced disease

 � AP Cornerstone 
of curative 
treatment60,148,149 
(strong 
recommendation)

Not standard (weak 
recommendation)

Limited data suggest 
adjuvant chemotherapy 
is not beneficial60 (weak 
recommendation)
Perhaps adjuvant FFX 
can be recommended to 
patients with lymph node-
positive disease (weak 
recommendation)

Limited data 
suggest adjuvant 
radiotherapy is 
not beneficial60 
(weak 
recommendation)
Perhaps adjuvant 
radiotherapy can 
be recommended 
to patients with 
positive surgical 
margins (weak 
recommendation)

Chemotherapy 
combinations used in 
the pediatric setting 
seem to be relatively 
toxic and ineffective 
against AP115,150 (strong 
recommendation)
FFX have shown 
activity against AP 
in both neoadjuvant 
and metastatic 
settings66,150,151 (weak 
recommendation)

 � Invasive IPMN Cornerstone 
of curative 
treatment69 
(strong 
recommendation)

Not standard (weak 
recommendation)

Survival benefit might 
be limited to specific 
subgroups: lymph node-
positive disease, tubular 
adenocarcinomas, higher 
disease stage (⩾stage II), 
and poorly differentiated 
tumors77,152–155 (weak 
recommendation)

Limited evidence 
for patients with 
cT3/4 or lymph 
node positive 
disease77,156,157 
(weak 
recommendation)

Limited evidence on 
the activity of systemic 
chemotherapy158–160 
(weak recommendation)
Overall, response rates 
are low158–160 (weak 
recommendation)

 � Invasive 
mucinous cystic 
neoplasm 
(IPMN)

Cornerstone 
of curative 
treatment68,88 
(strong 
recommendation)

Not standard (weak 
recommendation)

Limited data and the 
overall good prognosis 
after resection suggest 
there is no benefit in 
overall survival68,88 
(strong recommendation)

No data (weak 
recommendation)

Limited evidence on 
the activity of systemic 
chemotherapy115,161 
(weak recommendation)
Overall, response 
rates are low115 (weak 
recommendation)
Gemcitabine + platinum 
combinations shown to 
be active162–165 (weak 
recommendation)

 � Solid 
pseudopapillary 
tumor

Cornerstone 
of curative 
treatment166,167 
(strong 
recommendation)

Might be 
recommended 
in the setting of 
limited metastatic 
disease104,167–169 
(strong 
recommendation)

No role for adjuvant 
chemotherapy167 (strong 
recommendation)

No role for 
adjuvant 
radiotherapy, 
even for in R1 
resection170,171 
(strong 
recommendation)

Limited evidence on 
the activity of systemic 
chemotherapy115,172–174 
(weak recommendation)
Platinum-based 
chemotherapy shown 
to be active173,174 (weak 
recommendation)
Hormone therapy and 
targeted therapy might 
be options in selected 
patients173,175–179 (weak 
recommendation)

Strength of recommendation is graded according to the GRADE handbook.10

AP, adult pancreatoblastoma; dMMR, defective mismatch repair; FFX, FOLFIRINOX; GEM + NAB, gemcitabine plus nab-paclitaxel; HRR, 
homologous recombination repair; IPMN, intraductal papillary mucinous neoplasm; MSI-H, microsatellite instability; PDAC, pancreatic ductal 
adenocarcinoma; TMB, tumor mutational burden.

Table 2.  (Continued)

One should highlight that the vast majority of 
data on treatment of these rare variants of pan-
creatic cancer are derived from retrospective 
studies, in many of which treatment end-point 
was not the primary focus. Also, in some of 
these investigations, patients have been treated 

with treatment schedules not considered to be 
standard-of-care by today’s standards given that 
many patients were treated before the results of 
RCTs using the modern polychemotherapy reg-
imens (FOLFIRINOX and gemcitabine plus 
nab-paclitaxel) were available.
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Variants of PDAC

Pancreatic adenosquamous carcinoma
Pancreatic adenosquamous carcinoma (PADSC) 
is defined by the WHO Digestive System Tumor 
Classification as a histological subtype of ductal 
adenocarcinoma in which the squamous cell 
component arbitrarily corresponds to ⩾30% of 
the neoplasm.19 It represents 1–4% of all malig-
nant pancreatic neoplasms180 and recent data 
suggest an increasing incidence of this histologi-
cal variant over the past two decades.181 The fre-
quency of this subtype is greater in surgical series 
given the difficulty in identifying the malignant 
squamous cells in samples of fine-needle aspira-
tion (FNA).182

As squamous cells are not found in healthy pan-
creatic tissue, many theories have tried to explain 
the existence of PADSC. One model suggests 
pancreatic ductal epithelial cells undergo squa-
mous metaplasia as a result of chronic inflamma-
tory stimuli (squamous metaplasia theory).183 
Alternatively, the same progenitor cell might be 
responsible for the adenocarcinoma and squa-
mous carcinoma components (differentiation 
theory). This concept is supported by the fact 
that the squamous cell carcinoma and the adeno-
carcinoma components harbor similar genomic 
alterations.21 Indeed, recent phylogenetic studies 
indicate that the squamous cell features represent 
a subclonal phenomenon associated with addi-
tional genetic and epigenetic events.184

Patients with PADSC present similar age and 
sex distribution when compared to PDAC.11–14 
Moreover, levels of the tumor markers CA 19-9 
and carcinoembryonic antigen (CEA) are alike 
between the two histologies.18 At presentation, 
PADSCs are more likely than PDACs to be 
large12,13,18 or high-grade tumors13,14,18 and 
more frequently are locally in the pancreatic 
body/tail.12–14,18 Some data also suggest 
PADSCs are more frequently associated with 
macro18 or microvascular invasion14 and 
regional lymph node metastases.18 The clinical 
presentation of PADSC is similar to that of 
PDAC, with most patients presenting abdomi-
nal pain, nausea/vomiting, bloating, weight 
loss, and jaundice.106

On cross-sectional imaging, PADSCs and PDACs 
have similar radiological features. Foci of squa-
mous cell carcinoma are more likely to undergo 
necrosis and studies of computed tomography 

(CT) and magnetic resonance imaging (MRI) 
suggest focal necrosis is more frequent in PADSC 
than in PDAC.185,186 In this sense, due to its 
improved soft tissue contrast, MRI can detect 
focal necrosis more accurately than CT.186 
Additionally, PADSCs are more likely to present 
peripheral ring enhancement.185,186

PADSC typically presents as a sizable and firm 
mass, characterized by ill-defined and infiltrative 
edges.19 Squamous differentiation within pancre-
atic carcinomas is relatively rare and typically 
occurs alongside conventional ductal adenocarci-
noma. Squamous differentiation manifests as solid 
clusters or layers of polygonal cells with well-
defined cell borders, prominent intercellular junc-
tions, dense eosinophilic cytoplasm, and varying 
degrees of keratinization.19 In cases of pure squa-
mous cell carcinoma, metastasis from other sites, 
especially the lungs, should be ruled out.

Immunohistochemically, PADSCs display loss of 
expression of the p16 protein (CDKN2A), loss of 
the SMAD4 protein (DPC4), and strong nuclear 
p53 immunoreactivity, akin to the molecular signa-
ture found in PDACs.187 Also, the squamous com-
ponent often expresses p63, p40, and low molecular 
weight cytokeratins. The squamous component of 
PADSC has a higher proliferative rate, as shown by 
the increased ki-67 staining on immunohistochem-
istry.188 Additionally, a subset of PADSC expresses 
PD-L1, (programmed death ligand 1), which is 
restricted to the squamous cell carcinoma 
component.189,190

In resemblance to PDAC, PADSCs commonly 
have mutations in KRAS (73–100%), CDKN2A 
(6–52%), and SMAD4 (18–26%).20–23 However, 
TP53 mutations might be more common in 
PADSC (85–88%) than in PDAC (60–70%).191 
Additionally, a high frequency of chromosome 3p 
loss has been described in some cohorts of patients 
with PADSC.21 PADSCs’ areas with squamous 
features or differentiation display high rates of 
mutations in chromatin modifier genes and MYC 
amplification when compared to PDAC, suggest-
ing that epigenetic dysregulation secondary to 
chromatin modifier gene mutations and down-
stream effects of MYC activation might contrib-
ute to the squamous cell phenotype.22,184 Also, 
almost all cases of PDAC with squamous features 
or differentiation and PADSC present gene 
expression patterns compatible with Bailey’s 
squamous or Collisson’s quasi-mesenchymal 
subtypes.184
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In the localized setting, surgical resection has 
been associated with improved survival for 
patients with PADSC.11,14,18 Additionally, most 
series suggest adjuvant chemotherapy leads to 
improved survival.14,18,105–108 Interestingly, lim-
ited data indicate platinum-based chemotherapy 
(either FOLFIRINOX or cisplatin/oxaliplatin 
plus gemcitabine/capecitabine) might be more 
effective against PADSC in the adjuvant set-
ting.108 Also, population-based studies and a ret-
rospective single-institution analysis suggest 
patients with resected PADSC submitted to adju-
vant chemoradiotherapy have better overall sur-
vival (OS),105,107,109 possibly secondary to the 
better locoregional control associated with radio-
therapy for larger and more locally aggressive 
tumors such as PADSCs. Finally, either neoadju-
vant therapy or upfront surgery can be considered 
acceptable options for patients with resectable 
PADSC.107 However, as for PDAC, patients with 
borderline resectable or locally advanced PADSC 
are best treated with neoadjuvant chemotherapy 
followed by surgery.192,193

Chemotherapy has also been associated with 
improved survival in the metastatic setting.110 
Limited data suggest combination chemotherapy 
leads to better overall response rate (ORR), dis-
ease control rate (DCR), progression-free sur-
vival (PFS), and OS.17 Newer chemotherapy 
regimens, such as FOLFIRINOX and gemcit-
abine plus nab-paclitaxel are more active than 
older ones.15 In one multi-institutional series 
from Asia, FOLFIRINOX and gemcitabine plus 
nab-paclitaxel displayed similar results in terms of 
ORR (20.0% versus 26.9%; p = 1.000), DCR 
(60.0% versus 46.1%; p = 0.468), PFS (2.3 versus 
2.8 months; p = 0.476), and OS (7.2 versus 
7.3 months; p = 0.887).17 Equivalence in OS 
between FOLFIRINOX and gemcitabine plus 
nab-paclitaxel was also seen in a multicentric 
French study (11.8 versus 15.4 months; 
p = 0.500).15 Therefore, either FOLFIRINOX or 
gemcitabine plus nab-paclitaxel seems to be rea-
sonable in the first-line treatment of patients with 
metastatic PADSC.

PADSCs are almost always microsatellite stable 
and have a low tumor mutational burden (TMB), 
with a mean of 4.7 Mut/Mb.193 This suggests the 
use of checkpoint inhibitors against these tumors 
might not be effective. However, given that a sub-
set of PADSC displays PD-L1 expression, the use 
of anti-PD-1/PD-L1 monoclonal antibodies 
seems rational. In one case report with high 

PD-L1 expression, the use of sintilimab, an anti-
PD-1 agent, in combination with gemcitabine, 
led to a sustained partial radiological response.194

Interestingly, a handful of clinical trials specifi-
cally designed for patients with PADSC are ongo-
ing. In phase II clinical trial, minnelide, an oral 
anti-super-enhancer drug that inhibits MYC 
expression in preclinical models of PADSC is 
being tested (NCT03129139). In another phase 
II trial, patients with microsatellite-stable PADSC 
are to receive the anti-PD-1 agent retifanlimab as 
a single-agent (NCT04116073).

Some reports suggest patients with PADSC have 
worse clinical outcomes than those with PDAC, 
both in the localized and metastatic setting.12–14,16 
However, there is some controversy on this mat-
ter, as other studies have failed to describe infe-
rior survival for patients with PADSC.11,18,24 
Among patients with localized PADSC, location 
in the head of the pancreas, high levels of CA 
19-9 or CA 125, blood vessel invasion, multifocal 
disease, and lack of adjuvant chemotherapy pre-
dict a worse prognosis.14,18,107,195 In the metastatic 
setting, (Eastern Cooperative Oncology Group 
(ECOG) performance status ⩾2, synchronous 
metastases, lung or peritoneal metastases, and 
elevated levels of CA 19-9 or C-reactive protein 
(CRP) are associated with worse survival.15,17 
Interestingly, the amount of squamous cell carci-
noma in PADSC has not been associated with 
inferior survival.105

Undifferentiated carcinoma of the pancreas
Undifferentiated carcinomas of the pancreas 
(UCPs) are tumors in which a substantial part 
does not show a definitive direction of differentia-
tion.19 Collectively, this heterogenous group of 
tumors is difficult to define in terms of epidemio-
logical and clinical characteristics, as well as pre-
dictive and prognostic information, due to the 
dearth of clinical data and the recent changes in 
their pathological classification. It has been esti-
mated that UCPs represent 1–7% of all pancre-
atic cancers.180 Under the current WHO Digestive 
System Tumor Classification, UCPs are classi-
fied into three morphological subtypes: anaplastic 
undifferentiated carcinoma of the pancreas 
(AUCP), sarcomatoid undifferentiated carci-
noma of the pancreas (SUCP), and carcinosar-
coma of the pancreas (CSP).19 Additionally, a 
subset of undifferentiated carcinomas presents 
osteoclast-like multinucleated giant cells admixed 
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with histiocytes and neoplastic cells and have 
been described as undifferentiated carcinomas 
with osteoclast-like giant cells of the pancreas 
(UCOGCP). The latter subtype is associated 
with improved clinical outcomes and, therefore, 
is considered a distinct clinical entity.

While most UCOGCPs arise in the pancreatic 
head, other types of UCP are less likely to occur in 
the pancreatic head than PDAC.25,27,29 Also, these 
tumors are larger than PDACs at the time of diag-
nosis, usually measuring more than 5 cm. Except for 
UCOGCPs, UCPs are more common in males.27,29 
The clinical presentation is similar among different 
subtypes of UCP.27 Patients frequently present 
abdominal pain, weight loss, and hyporexia.27,29,112 
In contrast to PDAC, jaundice is less frequently 
found in UPCs (<30% at presentation).27,29 CEA 
and CA 19-9 levels are elevated in 13.3–44.4% and 
36.4–73.0% of cases, respectively.27,29

Hyperleukocytosis, severe anemia, and elevated 
serum CRP are frequently observed in patients 
with UPC.196 It is suggested that these findings 
may be due to rapid tumor growth and intra-
tumoral hemorrhage and necrosis and may also 
result from the production of granulocyte colony-
stimulating factor.196,197 Besides the larger tumor 
size at presentation, UPCs are usually well-
defined hypovascular masses associated with pan-
creatic duct dilatation.198,199 Necrosis and 
hemorrhage are also commonly described and 
foci of calcification due to heterologous sarcoma-
tous component can be found.

AUCP (also known as pleomorphic carcinomas) 
are characterized by a combination of pleomor-
phic mononuclear cells admixed with abnormal 
(‘bizarre-appearing’) giant cells displaying eosin-
ophilic cytoplasm.19 The tumor comprises pre-
dominantly solid sheets of cells devoid of gland 
formation (at least 80%), showcasing highly vari-
able nuclei. These tumors display a high fre-
quency of epithelial–mesenchymal transition 
(EMT) activation, as shown by the lack of cell 
cohesion and the increased expression of EMT 
markers,200,201 such as E-cadherin loss induced by 
the E-cadherin promoter methylation.202 The gene 
mutational profile of AUCP is similar to that of 
PDAC, with frequent mutations in KRAS (76%), 
TP53 (68%), and CDKN2A (40%). However, a 
somewhat lower frequency of SMAD4 mutations 
has been described.23 Unlike PDAC, PD-L1 
expression is frequently found in AUCPs 
(60%),203 often with intra-tumoral PD-1-positive 

lymphocytes. Interestingly, this occurs despite the 
very low frequency of defective mismatch repair/
microsatellite instability (dMMR/MSI-H) and 
the low median TMB (1.78 mutations/Mb).23

SUCPs account for 1–2% of all pancreatic malig-
nancies.204 This tumor arises from the pancreatic 
epithelium and exhibits cells with a spindle cell 
morphology (⩾80%), potentially containing het-
erologous elements, such as bone and cartilage.19 
Although extremely rare, some particularly 
aggressive SUCPs have been noted to possess 
rhabdoid cells.205 These tumors are identified by 
widespread sheets of rhabdoid cells, often dem-
onstrating a lack of cohesion and embedded 
within a myxoid matrix. They may also present 
with pleomorphic giant cells, spindle cell areas, 
and tubular components. These tumors fre-
quently present loss of members of the chroma-
tin–remodeling switch/sucrose non-fermenting 
(SWI/SNF) complex,206,207 which is seen in 
immunohistochemistry as the absence of nuclear 
staining of SMARCB1 (INI1), a core subunit of 
the SWI/SNF chromatin–remodeling complex. 
In a recent analysis, SUCP has been found to har-
bor alterations in KRAS (mutation in 86–100%), 
TP53 (mutation in 86–90%), CDKN2A/B (loss in 
18–40%), and SMAD4 (mutation in 10%) in 
similar frequencies to those found in PDAC.204,208 
Additionally, KRAS amplification occurs in 
7–30% of SUCPs. The TMB of SUCP is rela-
tively low (median of 7.0 mutations/Mb),204 with 
2% of tumors being considered TMB-high 
(⩾10 mutations/Mb).208 However, at least 60% of 
these tumors express PD-L1, suggesting immune 
checkpoint blockade might be a therapeutical 
option.

CSP are considered bona fide biphasic neo-
plasms, composed of mixed carcinomatous and 
sarcomatous components (with or without heter-
ologous elements), normally separated without a 
transition zone.209 Components displaying evi-
dent epithelial morphology can resemble conven-
tional ductal adenocarcinoma. Arbitrarily, each 
component should constitute ⩾30% of the tumor 
to qualify the tumor as carcinosarcoma.19 
Importantly, each component typically demon-
strates immunophenotypic similarities to its pure 
counterpart.19 While the evidence regarding this 
entity is sparse, mainly consisting of case reports 
and small series, recent data suggest an increas-
ing incidence of CSP, which now corresponds to 
0.5% of pancreatic cancers.210 Very limited data 
exist on the molecular characterization of CSP. 
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Recently, the KRAS Q61H mutation was found 
in two CSPs.211 Interestingly, analyses performed 
after laser capture microdissection have shown 
similar mutational (KRAS and TP53) and immu-
nohistochemical (TP53, ARID1A, and KDM6A 
expression) profiles between carcinomatous and 
sarcomatous elements. However, higher Ki-67 
expression was found in the sarcomatous compo-
nent, which possibly reflects a more aggressive 
clinical behavior.211

UCOGCP are rare pancreatic neoplasms consist-
ing of three distinct cell populations: osteoclastic 
giant cells, histiocyte-like sarcomatoid carcinoma 
cells, and pleomorphic giant carcinoma cells.19,29 
It corresponds to roughly 1% of all pancreatic 
malignant neoplasms.29 Besides its unique mor-
phological characteristics, UCOGCP can be clin-
ically distinguished from other variants of UCP as 
it more commonly affects females and younger 
patients.27 Macroscopically, cyst formation is a 
common feature, and hemorrhage or necrosis is 
typically observed within the tumor.30 The multi-
nucleated cells express histiocytic markers lack 
epithelial differentiation, and are often located 
near areas of hemorrhage or necrosis.212,213 The 
neoplastic cells display varied morphologies, 
ranging from spindle-shaped to epithelioid, with 
potential for being large and pleomorphic. They 
typically lack cohesion and may be found within 
the cytoplasm of the osteoclast-like giant cells. 
Also, UCOGCPs show a high propensity for 
intra-ductal growth and, surprisingly, a lesser fre-
quency of regional lymph node metastasis when 
compared to PDAC.29 Importantly, in contrast 
with other variants of UCP, the overall prognosis 
of UCOGCP seems to be better than that of 
PDAC (especially in the localized setting), with a 
subgroup of patients experiencing a rather indo-
lent clinical course.29

Supporting the current WHO classification as a 
PDAC variant, UCOGCP derives from ductal 
tumor clones and shares with PDAC the same 
genetic background, including a high frequency 
of activating mutations in the KRAS and inacti-
vating mutations in CDKN2A, TP53, and 
SMAD4.30,31 Luchini et al.30 described the pres-
ence of non-synonymous missense mutations in 
the same amino residue in SERPINA3, suggest-
ing it as an oncogene. In the same study, muta-
tions in GLI3 were found, suggesting that GLI3 is 
also a genetic driver of UCOGCP. dMMR/
MSI-H is rarely found in UCOGCP (0–8%).214,215 
However, similar to AUCP and SUCP, PD-L1 

expression is frequent in UCOGCP (63–
80%)203,214,215 and in this disease, PD-L1 expres-
sion has been linked to TP53 mutations203 and 
inferior clinical outcomes.203,214

Surgical resection has been associated with 
improved survival in all subtypes of UCP,25–27,111 
with the possible exception of anaplastic (pleo-
morphic) carcinoma.26,112 Also, currently there 
is no good quality data to guide the use of adju-
vant chemotherapy for patients with UCP. 
Contrary to what one would expect, in some ret-
rospective cohort studies long-term survivors 
have not received adjuvant chemotherapy.111,113 
In a recent population-based study, Christopher 
et  al.26 found a non-statistically significant sur-
vival benefit for chemotherapy for those under-
going resection. Indeed, many of these patients 
were treated in an era when single-agent adju-
vant chemotherapy was the standard-of-care for 
PDAC, and given the lower response rates of 
UCP when compared to PDAC, polychemo-
therapy should be considered standard in this 
setting. In the same analysis, adjuvant radiother-
apy was associated with improved survival.26 In a 
study evaluating exclusively patients with SUCP, 
Blair et  al.113 found both long-term survivors 
received radiotherapy. However, given the high 
propensity of UCP to recur at distant sites113 
and the lack of benefit of adjuvant radiotherapy 
for PDAC, we believe the routine use of radio-
therapy in this setting is not warranted. Again, in 
cases of borderline resectable and locally 
advanced disease, neoadjuvant (or conversion) 
chemotherapy can lead to potentially curative 
resections.216–219

In the advanced setting, chemotherapy has been 
associated with improved survival.26 So far, pacli-
taxel-based regimens seem to have the highest 
activity. In a multicenter retrospective cohort 
study of 50 patients with UPC treated with 
chemotherapy carried out in Japan, gemcitabine 
plus nab-paclitaxel provided a median PFS of 
4.60 months and ORR of 33.3%.114 The PFS 
times were 1.61 and 2.96 months and ORRs were 
4.2% and 0% for gemcitabine and S-1, respec-
tively. Gemcitabine plus nab-paclitaxel signifi-
cantly improved PFS compared to gemcitabine 
(p = 0.014) and showed significantly higher ORR 
compared to gemcitabine or S-1 (p = 0.033 and 
p = 0.034, respectively). Furthermore, the first-
line paclitaxel-containing regimen significantly 
improved OS (6.94 versus 3.75 months, p = 0.041) 
and was found to be an independent predictor of 
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OS [HR: 0.221; 95% confidence interval (CI): 
0.076–0.647; p = 0.006]. Similar data on pacli-
taxel-based therapy have been shown in small 
case series,115 and a few complete responses to 
this regimen have been reported.116,117 As a result 
of these analyses, the Japanese group launched a 
clinical trial to prospectively investigate the activ-
ity of Gemcitabine plus nab-Paclitaxel for UCP 
(jRCTs031220099). On the other hand, the 
results of the activity of FOLFIRINOX against 
UCP are disputable. In a recent multi-institu-
tional analysis from Japan, FOLFIRINOX and 
Gemcitabine plus nab-Paclitaxel showed similar 
activity.23 Indeed, FOLFIRINOX has been asso-
ciated with some clinical responses,114 but limited 
data suggest a short-lived clinical benefit.116,220,221

Currently, there is no data on targeted therapy for 
UCP. However, the very high frequency of PD-L1 
expression in UCP raises the possibility that 
immune checkpoint inhibitors (ICI) might be 
active. Indeed, anti-PD-1 monoclonal antibodies 
have been shown to be active in a handful of case 
reports of PD-L1-positive UCP,222,223 and a for-
mal assessment of the activity of ICI against UCP 
is warranted. Additionally, ICIs have been used 
with success in the treatment of TMB-high 
UCOGCP.224

Overall, patients with UCP have inferior sur-
vival outcomes when compared to those with 
PDAC,25,111 but there seems to be no survival 
difference in the subgroup of patients with 
resected disease.25 Also, different subtypes of 
UCP do not necessarily share the same progno-
sis. Patients with pleomorphic (anaplastic) 
undifferentiated carcinomas are more likely to 
forego surgical resection and have a worse prog-
nosis.26,27 Contrarily, UCOGCP is associated 
with improved survival,25,26 with 5-year survival 
rates as high as 59% after resection.29 It is pos-
sible that these higher survival figures are 
related to improved immune response second-
ary to the presence of the osteoclast-line multi-
nucleated cells in the tumor microenvironment.30 
Additionally, some,30 but not all studies,29 sug-
gest patients with pure UCOGCP have a better 
prognosis when compared to those with a 
PDAC component. In the localized setting, R0 
resection and negative lymph nodes are harbin-
gers of improved survival.26,27 In the locally 
advanced and unresectable setting, age 
⩾65 years, ECOG PS ⩾2, and CRP ⩾10 mg/L 
are associated with inferior outcomes.225

Primary pancreatic signet ring (poorly cohesive) 
cell carcinoma
Primary pancreatic signet ring (poorly cohesive) 
cell carcinomas (PPSRCCs) are defined by the 
current WHO Digestive System Tumor 
Classification as a histological subtype of PDAC 
in which at least 80% of the tumor consists of 
individually arrayed and poorly cohesive cells, 
often with intracellular mucin vacuoles peripher-
ally displacing the nuclei.19 This is a rare clinical 
entity, representing <1% of all malignant pancre-
atic tumors.33,34 There have been fewer than 15 
cases reported in the literature so far, and even 
though most cases have been reported after 
2010,226 epidemiological studies suggest a 
decrease in the incidence of this histological sub-
type over the past two decades.33

The median age at diagnosis of PPSRCC is 
68 years, with a slight male predominance.32 
PPSRCCs usually arise in the pancreatic head 
(50–90%).32,34 Most patients have metastases at 
the clinical onset (62–69%)32,33 and follow an 
aggressive clinical course.227 The most frequent 
symptoms are abdominal pain, jaundice, and 
weight loss.118,226–232 Tumor markers, including 
CEA and CA 19-9, are variably elevated.226 There 
is no clear radiological feature that suggests the 
diagnosis of PPSRCC over PDAC,233 however, a 
few cases of PPSRCC causing diffuse pancreatic 
enlargement have been reported.230,232 As in gas-
tric signet ring carcinoma,234 PET-CT seems to 
have limited capacity to identify PPSRCC.227 
Resected PPSRCCs display a very high rate of 
vascular and perineural invasion, along with 
regional lymph node metastases.32,34 In the meta-
static setting, the lungs are usually the first site of 
metastasis, but widespread disease dissemination 
often follows shortly.34

In addition to the individually arrayed poorly 
cohesive cells,19 there is usually a variable amount 
of extracellular mucin. The carcinoma cells are 
positive for mucins on alcian blue/periodic acid–
Schiff staining, cytokeratin AE1/3, CAM5.2, 
CK7, CK8, CK18, CK19, CEA, epithelial mem-
brane antigen (EMA), p53, Ki-67, MUC1, 
MUC5AC, and MUC6.34,231 PPSRCC is a chal-
lenging pathological entity, as cells with signet 
ring appearance have been reported in a broad 
array of benign and malignant processes.235 
Especially in the setting of FNA, potential malig-
nant mimickers of PPSRCC include other pri-
mary pancreatic tumors with clear cell features, 
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mixed adenoneuroendocrine carcinomas, and 
pancreatic colloid carcinomas. FNA samples have 
been reported to show abundant inflammatory 
cells, potentially delaying the diagnosis.227,228,230 
It is important to highlight that >96% of all sig-
net ring carcinomas arise in the stomach,230 with 
the remaining arising in other sites, such as the 
colon, rectum, gallbladder, breast, prostate, and 
pancreas. Therefore, before establishing the diag-
nosis of PPSRCC, one should exclude the possi-
bility of metastatic signet ring cell carcinoma 
secondarily involving the pancreas.19

Recent data suggest the molecular background of 
PPSRCC is similar to that of PDAC. In the only 
series so far to assess the molecular alterations 
found in pancreatic tumors consisting of ⩾50% 
of signet ring cells, mutations in KRAS (70%), 
TP53 (55%), CDKN2A (20%), and SMAD4 
(25%) were found in slightly lower rates than 
those seen in PDACs.34 dMMR/MSI-H has been 
found in about 5% of PPSRCC and the median 
TMB is 7.2 mut/Mb (ranging from 1.0 to 19.4).34 
Additionally, somatic mutations in CDH1, found 
in 11% of gastric signet ring cell carcinomas,236 
were not found in PPSRCCs.34 These data indi-
cate that PPSRCC is not derived from ectopic 
gastric tissue within the pancreas, but rather from 
clonal evolution of a carcinoma arising in the pan-
creatic tissue.

In the localized setting, surgery is indicated for all 
patients with resectable non-metastatic 
PPSRCC.32,33 There is barely any data to guide 
decisions regarding adjuvant therapy. However, 
across all clinical stages, chemotherapy has been 
associated with improved survival.33 Nakamura 
et al.228 treated one patient with a multi-visceral 
resection followed by adjuvant S-1 for a year with 
long-term disease-free survival. Similarly, 
Radojkovic et al.118 treated a patient with border-
line resectable PPSRCC with neoadjuvant single-
agent gemcitabine, achieving a partial response 
that allowed a curative-intent surgery and a clini-
cally significant disease-free interval. In the meta-
static setting, there is no clinical data regarding 
the activity of chemotherapy, as patients usually 
follow an aggressive clinical course that precludes 
the administration of systemic therapy. Given the 
frequent presence of a component of ordinary 
PDAC concomitantly with signet ring cell carci-
noma, the similarity in the molecular profiles of 
PPSRCC and PDAC, and the fact that single-
agent gemcitabine seems to be active against 
PPSRCC, we suggest that pending further data 

patients with PPSRCC should be treated simi-
larly to PDAC, including the chemotherapy regi-
mens (FOLFIRINOX or gemcitabine plus 
nab-paclitaxel). Importantly, 15% of PPSRCCs 
seem to harbor potentially actionable molecular 
alterations, such as dMMR/MSI-H, RET rear-
rangements, or mutations in PTEN or EGFR (the 
latter in the absence of KRAS mutation).34 
Therefore, molecular analyses might help identify 
patients with PPSRCC who might benefit from 
molecularly tailored treatments.

PPSRCC are aggressive neoplasms with inferior 
relapse-free survival and OS when compared to 
PDAC.32–34 The presence of metastatic disease is 
associated with a dismal prognosis and median 
OS in this setting in only 3 months.32 Indeed, 
PPSRCC portends the worst prognosis among all 
gastroenteropancreatic signet ring cell carcino-
mas.237 Also, patients whose tumors consist of 
⩾80% of signet ring cells have inferior survival, as 
those with SMAD4-mutated tumors.34

Primary pancreatic hepatoid carcinoma
Tumors arising outside the liver that resemble 
hepatocellular carcinoma (HCC) are called 
hepatoid carcinomas (HCs).238 HCs and HCCs 
share similar morphological features and both can 
produce alpha-fetoprotein (AFP).37 This rare 
entity is found throughout the gastrointestinal 
tract, with most tumors arising in the stomach.239 
Less than 40 cases of primary pancreatic hepatoid 
carcinoma (PPHC) have been reported, repre-
senting roughly 4% of all HCs.239 The pathogen-
esis of PPHC is not completely understood. 
Among the current mechanisms to explain its 
development are the presence of ectopic hepatic 
tissue in the pancreas, the pancreatic-to-hepatic 
transdifferentiation, and the presence of multi-
potent/stem cells that differentiate into hepato-
cyte-like cells given the embryological relatedness 
of hepatic and pancreatic cells.35

Patients with PPHC are usually male (70%) and 
tend to be younger than those with PDAC 
(median age = 58 years).35 Contrary to PDAC, it 
arises most often in the pancreatic body/tail and, 
at presentation, 36–44% of the patients have 
metastases, mainly in the liver.35,36 Two-thirds of 
the patients are symptomatic at presentation and, 
in a recent review of 39 cases, the most common 
symptoms were abdominal pain, vomiting, diar-
rhea, weight loss, and jaundice.35 Serum CEA 
and CA 19-9 levels are elevated in less than 30% 
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of the cases and serum AFP levels are elevated in 
35–60% of patients.35,36,239 However, it is impor-
tant to highlight AFP production is nonspecific 
and can be found in non-hepatoid tumors such as 
PDACs, pancreatoblastomas, and acinar cell car-
cinomas.240 On cross-sectional imaging, PPHCs 
are well-delineated and arterially hypervascular-
ized, showing venous washout similar to HCC.233

PPHC is defined as a carcinoma in which at least 
50% of the tumor exhibits histological and immu-
nohistochemical evidence of hepatocellular dif-
ferentiation.19 These tumors are primarily 
composed of large polygonal cells with abundant 
eosinophilic cytoplasm. While some PPHCs may 
have an associated component of ductal adeno-
carcinoma, others are likely related to acinar cell 
carcinomas, which can express hepatocellular 
markers and produce AFP. It is important to note 
that while AFP is commonly associated with 
hepatocellular differentiation, it can also be pre-
sent in other pancreatic neoplasms such as pan-
creatoblastomas, acinar, neuroendocrine, and 
ductal tumors without hepatoid morphological 
features.241,242 For more reliable confirmation of 
hepatocellular differentiation, fluorescence in situ 
hybridization for albumin and immunohisto-
chemistry for arginase are recommended.19 
Importantly, before the diagnosis of PHCC can 
be established, the possibility of a primary hepatic 
HCC with metastases to the pancreas has to be 
excluded.19

Due to its rarity, the molecular alterations under-
pinning the development of PPHC are not known. 
In one case report, tumor genetic sequencing 
revealed BAP1 and NOTCH1 mutations. No 
genetic alterations were identified in other 539 
genes, including KRAS.38 In one other case of 
PPHC, both CDKN2A and CDKN2B were 
mutated.37 Also, in the case of PPHC with promi-
nent lymphoid infiltration (therefore called HC of 
the pancreas with lymphoid stroma), neither 
KRAS mutations nor dMMR/MSI-H were 
detected.243 Last, in a recent analysis that included 
HCs from other gastrointestinal tract sites, the 
mutational profile of HC has been demonstrated 
to be dependent on the primary tumor site, reca-
pitulating the genomic alterations commonly 
observed in the most common malignant epithe-
lial counterpart.244 This way, even though KRAS 
mutations have not been described in PPHC, it is 
possible that many PPHCs share molecular alter-
ations with PDAC, especially those with a more 
aggressive clinical course.

Long-term survival for patients with localized 
PPHC depends on curative-intent surgery.35 
Indeed, even in the setting of limited metastatic 
disease, there seems to be a role for surgery after 
a period of chemotherapy in properly selected 
patients.119,120 Given its rarity, there is very little 
information to guide post-operative treatment 
decisions. A few case reports describe the use of 
gemcitabine, gemcitabine plus carboplatin, 
FOLFIRINOX, and cisplatin plus irinotecan 
with disease-free survival times of 36, 22, 14+, 
and 12 months, respectively,245–248 Nonetheless, 
in cases of lymph node-negative disease, long-
term disease-free survival has been reported with 
observation38,121,122 and it is currently unknown 
whether all patients with localized PPHC should 
receive adjuvant chemotherapy. Given the worse 
prognosis of patients with lymph node metasta-
ses,249 we believe it is reasonable to recommend 
adjuvant chemotherapy to patients with lymph 
node-positive disease. Adjuvant sorafenib has 
been tried in the localized setting,250 but long-
term outcomes are not known.

In the metastatic setting, little is known about 
the efficacy of systemic treatments against 
PPHCs. In a case report, single-agent gemcit-
abine did not show significant activity.251 
Contrarily, FOLFIRINOX has been shown to 
be active in the metastatic setting.119 In a case 
report by Ma et al.,119 a patient with synchronic 
hepatic metastasis from PPHC experienced a 
complete pathological response in the liver lesion 
and a partial response in the primary tumor. 
Lastly, sorafenib has been used in two patients. 
One of them was treated for 7 months, with an 
OS of 12 months.123 The other had a brief clini-
cal benefit, dying 4 months after the diagnosis.124 
Lastly, PHCC with neuroendocrine features 
might be sensitive to capecitabine plus temozo-
lomide.252 Therefore, given the relative success 
of FOLFIRINOX in the adjuvant and the meta-
static setting and the potential role played by 
BAP1 in the homologous recombination DNA 
damage repair pathway, FOLFIRINOX seems 
like a reasonable option for patients with good 
performance status.253

Pancreatic medullary carcinoma
Pancreatic medullary carcinoma (PMC) is an 
extremely rare subtype of pancreatic ductal carci-
noma. It was first described by Goggins et al. in 
1998 and since then less than 30 cases have been 
reported.40,42
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Clinically, PMCs are frequently large tumors 
(median size = 5.0 cm) located predominantly 
in the pancreatic body/tail.40 Median age at 
presentation is 67 years and PMCs affect men 
with a slightly higher frequency than women.40 
Metastases at diagnosis were present in <10% 
of reported cases.40,126 At clinical presentation, 
patients might be asymptomatic42,126 or present 
nonspecific symptoms, such as epigastric pain, 
nausea, tiredness, and early satiety.40,254–256 A 
family history of cancer is very common among 
patients with PMC,39 and PMC has been 
described in the setting of Lynch syndrome.254 
Normal levels of CA 19-9 have been described 
in PMC.40,42 Since carcinomas with medullary 
features are much more common in the ampulla 
or duodenum, it is important to exclude that 
the tumor originated in the adjacent gastroin-
testinal tract.19

PMCs are poorly differentiated carcinomas with 
limited gland formation, pushing border, and 
syncytial growth pattern, often with a rich lym-
phocyte infiltration.19 Molecularly, PMCs com-
monly lack KRAS mutations.39 Additionally, 
dMMR/MSI-H is more common in MCP than in 
PDAC. In a recent compilation of all cases 
reported in the literature so far, 25% of PMCs 
showed dMMR/MSI-H,40 mostly secondary to 
loss of MLH1 expression.39 Also, somatic muta-
tions in POLE leading to a hypermutated pheno-
type have also been reported.255

Surgery is the cornerstone of treatment in the 
localized setting.125 Additionally, in patients with 
oligometastatic disease, radical resection can 
achieve prolonged survival and should be consid-
ered.126 Currently, the role of neoadjuvant and 
adjuvant chemotherapy for PMC is unknown. 
Both S-1 and FOLFIRINOX have been used in 
the adjuvant setting, with disease-free survival 
times of 29+ and 7+ months, respectively.40,42 
However, patients with long-term survival after 
upfront surgery without adjuvant chemotherapy 
have been reported and it is unclear whether 
regional lymph node metastasis represents a true 
prognostic factor, as long-term survival in this set-
ting has been repeatedly reported.255,257 In one of 
the authors’ personal experiences (VHFdJ), one 
patient with dMMR/MSI-H PMC treated with 
neoadjuvant mFOLFIRINOX achieved a com-
plete pathological response in the setting of regional 
lymph node metastasis (case report currently being 
written). This suggests fluoropyrimidine-based 
chemotherapy (especially FOLFIRINOX) might 

be active in the treatment of PMC. In one case 
report, gemcitabine plus nab-paclitaxel was given 
to a patient with metastatic disease for 5 months 
before clinical deterioration.256 Also, dMMR/
MSI-H pancreatic cancer, including PMCs, are 
sensitive to ICIs,127,128 ratifying the need to investi-
gate dMMR/MSI-H status in these tumors. 
Additionally, patients with hypermutated tumors 
due to pathogenic POLE mutations in the DNA 
binding or catalytic sites of the exonuclease domain 
have been shown to benefit from ICIs.129

Other pancreatic epithelial malignancies

Pancreatic acinar cell carcinoma
Pancreatic acinar cell carcinoma (PACC), along 
with mixed acinar carcinomas, acinar cystic 
lesions, and pancreatoblastomas, belongs to a 
group of pancreatic neoplasms that show acinar 
differentiation.258 It represents 1–2% of all pan-
creatic neoplasms in adults and 15% in children.54 
Despite its rarity, the results of epidemiological 
studies indicate the incidence of PACC has 
increased at a much faster pace than that of 
PDAC over the past two decades.59,259 No spe-
cific risk factors for the development of PACC 
have been established, but tobacco smoking has 
emerged as a potential risk factor since recent 
studies have identified a smoking mutational sig-
nature in two-thirds of PACCs.260 Additionally, 
PACC has rarely been described in the setting of 
Lynch syndrome, familial adenomatous polypo-
sis, and Carney syndrome.54,258,261

PACC is more common among men (sex 
ratio = 2:1 to 4:1) and affects younger patients 
when compared to PDAC (median age = 54–
67 years old).43–49 Approximately 50% of patients 
have metastases at presentation, usually in the 
liver and lymph nodes.258 The following are the 
most frequent symptoms: abdominal pain, back 
pain, bloating, weight loss, and nausea/vomit-
ing.47–49,130,136,258,262 Even though most PACCs 
arise in the pancreatic head (44–76%),45 due to  
its expansible (non-infiltrative) growth pattern,  
jaundice is not a common symptom (<25% of  
patients).47–49,136,262 AFP levels are increased in 
less than 10% of patients,49 especially in pediatric 
cases261 and CEA and CA 19-9 levels can also be 
elevated, but to a lesser extent to that seen in 
PDAC.49,59,131 Lipase levels are increased in 
roughly half of the patients.46,263 Less than 10% of 
the patients present with lipase hypersecretion 
syndrome, with lipase levels exceeding 10,000 U/L. 
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These patients often present multiple foci of sub-
cutaneous fact necrosis (simulating erythema 
nodosum), polyarthralgia (due to fat necrosis in 
cancellous bone), and peripheral eosinophilia – 
Schmid’s triad.264,265

On cross-sectional imaging, PACCs generally 
present as large, solid, and well-circumscribed 
tumors.50–53 In contrast with PDAC, bile duct 
dilatation is uncommon, even when tumors arise 
in the pancreatic head.50,51 In the arterial phase, 
PACCs often display more contrast enhance-
ment compared to PDAC, but less than that  
of well-differentiated neuroendocrine neoplasms 
(WD-NEN).266 Calcifications and central necro-
sis have also been described with a higher fre-
quency than in PDAC.50,51,53

PACCs typically exhibit well-defined borders, 
being partially encapsulated, solid, and often sub-
stantial in size (with an average diameter ranging 
from 8 to 10 cm).54 These tumors may present 
hemorrhage and necrosis and may exhibit differ-
ent architectural patterns.54 The acinar pattern 
resembles normal acinar structures, sometimes 
with tiny lumina, and cells are arranged in a mon-
olayer with basally located nuclei. The glandular 
pattern features acinar structures with dilated 
lumina. The trabecular pattern presents as rib-
bons of cells resembling pancreatic neuroendo-
crine tumors (PanNETs), while the solid pattern 
consists of large sheets of cells without lumina, 
resembling PanNETs as well. The most common 
patterns are acinar and solid, often found in com-
bination within individual tumors.54

Immunohistochemistry plays a crucial role in 
confirming acinar cell differentiation. Antibodies 
targeting trypsin, chymotrypsin, lipase, and amyl-
ase show varying sensitivity, with the antibody 
against the COOH-terminal portion of the 
BCL10 protein (clone 331.3),267 which recog-
nizes the COOH-terminal portion of pancreatic 
carboxyl ester lipase, being highly specific and 
sensitive. Amylase expression is rare, and lipase 
antibodies have low sensitivity, while trypsin, chy-
motrypsin, and BCL10 antibodies are more sen-
sitive.54 The simultaneous use of two of these 
antibodies allows for the detection of nearly all 
PACCs. Markers typically associated with HCCs, 
such as AFP, Hep Par-1, glypican-3, and albumin 
mRNA, can also be detected in PACCs.268 
Finally, scattered neuroendocrine cells positive 
for chromogranin A and/or synaptophysin may 
also be observed.54

The molecular landscape of PACC is very dis-
tinct from that of PDAC. In PACC, mutations in 
KRAS are rare (<15%).23,261,269 Moreover, muta-
tions in TP53 (12–23%), CDKN2A (12–14%), 
and SMAD4 (14–26%) are significantly less com-
mon than in PDAC.56,260,261,270 No single gene is 
mutated in more than 30% of PACCs,270 with 
mutations in FAT4, RB, BRAF, GNAS, 
PRKAR1A, NF1, and JAK1 been reported in 
multiple studies.56,260,269,270 The APC gene is 
mutated in 10–20% of PACCs260; however, APC 
loss and methylation seem to be even more com-
mon, being present in 48% and 56%, respec-
tively.271 Interestingly, in mouse embryos, APC 
mutations lead to pancreatomegaly secondary to 
selective proliferation of acinar cells.261

From the structural perspective, PACCs often dis-
play highly unstable genomes, with localized and 
broad-ranged chromosomal gains and losses.260 
Recent analyses suggest two distinct molecular 
phenomena are associated with these structural 
alterations. Defects in the homologous recombina-
tion repair (HRR) pathway are found in 45–55% 
of PACCs.55,56 Indeed, PACC is the tumor most 
frequently associated with inherited defects in 
HRR genes (mainly BRCA2 and ATM), with 37% 
of patients with PACC harboring germline muta-
tions in such genes, especially in cases of pure 
PACC.55 The importance of the HRR pathway is 
highlighted by the fact that in the same series, all 
patients with germline HRR gene mutation had 
biallelic gene inactivation in tumor tissue.55,269 
Additionally, rearrangements in RAF1 (19%), 
BRAF (14–20%), and RET (8%) occur in at least 
one-third of PACCs23,57,58 and are more frequent 
in pure PACCs.56,57 These rearrangements involv-
ing the mitogen-activated protein kinase (MAPK) 
pathway seem to be mutually exclusive,57 and there 
seems to be no overlap between these rearrange-
ments and HRR defects.55,56 Despite the relatively 
low median TMB of PACC (3–4 mutations/
Mb),55,272 7–8% have TMB >10 mutations/
Mb.23,273 Moreover, 8.2% (0–14%) of PACCs dis-
play dMMR/MSI-H.261,273–276

Surgical resection is one of the most important 
prognostic factors for patients with localized 
PACC.49,130,131 Furthermore, case reports and 
small case series suggest patients might benefit 
from surgery even in the setting of metasta-
ses.132–134 The role of adjuvant chemotherapy in 
PACC is more controversial. While some small 
studies suggest a positive effect of chemotherapy 
after resection,48,49 others have failed to show 
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improved survival for patients receiving adjuvant 
chemotherapy.43,135,136 Larger and more recent 
population-based studies have suggested adju-
vant chemotherapy is associated with improved 
survival, especially for patients with lymph node-
positive disease.137,138 Two facts might explain 
the disputable activity of chemotherapy in the 
adjuvant setting. Molecular data suggest that up 
to 14% of PACC have mismatch repair defi-
ciency/MSI-H274 and, at least in colon and gastric 
cancer, adjuvant chemotherapy with 5-fluoroura-
cil-based chemotherapy has failed to improve sur-
vival in this subgroup, especially for lymph 
node-negative disease.136,277,278 Additionally, in 
the series that report the chemotherapy backbone 
used in the adjuvant setting, most patients 
received gemcitabine-based chemotherapy, and 
at least in the metastatic setting, 5-fluorouracil-
based chemotherapy (especially when combined 
with oxaliplatin and/or irinotecan) seems to be 
more active than gemcitabine-based combina-
tions. Therefore, given that recurrence rates after 
resection as high as 72% have been described130 
and the increased activity of 5-fluorouracil-based 
polychemotherapy regimens in the metastatic set-
ting, we suggest fit patients with resected PACC 
should receive adjuvant chemotherapy with 
FOLFIRINOX for 6 months, especially those 
with lymph node-positive disease.

Conversion strategies have been successfully used 
in the setting of unresectable disease, either with 
chemotherapy or chemoradiotherapy, and should 
be considered for all patients with locally advanced 
PACC.44,135,262 Last, limited population-based 
data suggest adjuvant chemoradiotherapy might 
be associated with improved survival for patients 
with PACC.139 This is somewhat surprising given 
its lack of survival benefit for PDAC,279 the lesser 
frequency of positive margins after pancreatec-
tomy for PACC,43 and the less infiltrative growth 
pattern of PACC.136 Besides, similarly to PDAC, 
distant metastasis is the single main pattern of 
disease relapse in PACC.131,135 Therefore, routine 
use of adjuvant chemoradiotherapy for patients 
with resected PACC does not seem justified.

Initial experience with systemic chemotherapy for 
advanced PACC was disappointing, with objec-
tive response rates under 10%.130 However, 
recent studies suggest newer chemotherapy regi-
mens are more active against PACC.46 
Particularly, studies have shown that 5-fluoroura-
cil-based combinations demonstrate improved 
efficacy when compared with gemcitabine-based 

regimens.140,141 Importantly, improved efficacy of 
irinotecan- and oxaliplatin-based regimens has 
been shown in single-center and multi-institu-
tional analyses.23,46,115,141,263,280 The reasons for 
this apparent sensitivity to 5-fluorouracil, irinote-
can, and oxaliplatin are not entirely understood. 
Limited data suggest pancreatic carcinomas with 
RAF fusions are more sensitive to 5-fluorouracil-
based chemotherapy.144 Also, the high frequency 
of APC/b-catenin pathway alterations in PACC 
(nearly 50%)271 might explain the sensitivity to 
chemotherapy regimens used in colorectal can-
cer, a disease that often harbors alterations in this 
molecular pathway.281 Finally, it has been shown 
that 55% of PACC have defects in the HRR path-
way, which is associated with increased efficacy of 
platinum-based compounds.55,282 Interestingly, 
limited evidence suggests FOLFIRINOX might 
be more effective than gemcitabine plus nab-
paclitaxel even in the absence of HRR defects.23

As previously described, two main types of genetic 
events seem to drive the initiation and progres-
sion of PACC: mutations in HRR genes and 
fusions involving RAF1, BRAF, and RET.55 
Multiple case reports have demonstrated the 
activity of poly(ADP-ribose) polymerase inhibi-
tors in patients with PACC and BRCA1/2 ger-
mline mutations.142,143 Indeed, given the very 
high frequency of HRR defects in PACC, one 
study is currently testing the activity of olaparib in 
treatment-refractory PACC irrespective of the 
homologous recombination status 
(NCT05286827). The combination of BRAF 
and MEK inhibitors is active against PACCs with 
BRAF V600E mutations.269,283–285 MEK inhibi-
tors have shown clinical activity against RAF 
fusion-positive PACC,144 with two patients 
(among five) experiencing partial radiological 
response. This is particularly important since 
patients with BRAF fusion-positive PACC usu-
ally have a shorter time to treatment failure.23 
Additionally, clinical activity of targeted therapy 
against tumors harboring fusions involving other 
genes, such as RET (selpercatinib),145 ALK (alec-
tinib),146 and NTRK1 (larotrectinib),147 have 
been described. Importantly, it has been shown 
that up to 14% of PACCs have mismatch repair 
deficiency/MSI-H and anti-PD-1 monoclonal 
antibodies should be considered for patients with 
advanced dMMR/MSI-H PACC based on the 
data on PDAC.127,128,286 In contrast to other 
tumors, dMMR/MSI-H PACCs do not display 
prominent lymphoid infiltration,274 possibly sug-
gesting that the combination of anti-PD-1 and 
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anti-CTLA4 monoclonal antibodies is needed. 
Finally, despite the overall low TMB of PACC, in 
one case report, a patient with TMB-high 
advanced PACC was successfully treated with the 
anti-PD-1 monoclonal antibody toripalimab in 
combination with chemotherapy.287

Pure PACC and mixed acinar-neuroendocrine 
carcinomas share a similar prognosis,288,289 and 
after controlling for other factors, the prognosis of 
PACC is better than that of PDAC.59 The co-
occurrence of TP53 mutation and TP53 loss has 
been associated with worse survival290 and 
dMMR/MSI-H PACC does not seem to have 
improved outcomes.274 While there are no estab-
lished prognostic factors in the metastatic setting, 
advanced age, presence of lymph node involve-
ment (especially N2 disease), elevated CA 19-9 
levels and perineural invasion are associated with 
poor prognosis for patients with localized 
disease.135,136,289,291

Adult pancreatoblastoma
Pancreatoblastomas are rare primary malignant 
neoplasms of the pancreas that affect mainly chil-
dren (median age = 4–5 years).64 However, the age 
of presentation of pancreatoblastoma follows a 
bimodal distribution, with a second peak at roughly 
40 years of age.65 Indeed, one-third of all reported 
cases of pancreatoblastoma were diagnosed in 
adults.292 So far, approximately 74 cases of adult 
pancreatoblastoma (AP; defined as age ⩾19 years)149 
have been reported,61 and AP represent 0.5% of all 
malignant exocrine pancreatic tumors.60

The median age at presentation of AP is 37–
41 years.60–63 There seems to be no sex predilec-
tion and most tumors arise in the pancreatic 
head.60,61 Tumors are usually large (median 
size = 8 cm) and up to one-third of patients have 
metastatic disease at the initial staging, typically 
in the liver.60,61,63 Most patients are symptomatic 
at the disease presentation, with the most fre-
quent symptoms being abdominal pain, nausea 
and vomiting, weight loss, jaundice, and diar-
rhea.60,62,65 In contrast to pediatric pancreatoblas-
toma, adult patients rarely have increased levels 
of AFP (6%), and similarly, CA 19-9 levels are 
seldom increased in AP (6%).60,63,66,293 In line 
with the role of APC in the Wnt-signaling path-
way, a few cases of APs have been described in 
the setting of Familial Adenomatous Polyposis.294 
On cross-sectional imaging, APs appear as irregu-
lar hypovascular masses that grow outwards from 

the pancreas.295 Upon contrast injection, APs 
usually present a progressive enhancement pat-
tern,295 but an early enhancement pattern has also 
been described.296

Most of these tumors are large solid solitary 
masses, at least partially exhibiting well-defined 
or encapsulated characteristics.297 Histologically, 
pancreatoblastomas exhibit highly cellular lobules 
separated by fibrous bands, creating a distinct 
geographical or lymphoid-follicle, multiphasic 
low-power appearance.64 The neoplastic cells 
within the lobules typically demonstrate an orga-
noid arrangement resembling acinar cell carcino-
mas, appearing as acinar, solid, or trabecular 
formations polarized around small lumina, with 
nuclei typically displaying modest nuclear atypia. 
The presence of acinar differentiation is sup-
ported by periodic acid-Schiff with diastase 
(PASD)-positive cytoplasmic granules and posi-
tive immunohistochemical labeling for pancreatic 
enzymes (trypsin, chymotrypsin, and lipase) and 
BCL10 (clone 331.1).64

A defining feature of pancreatoblastoma is the 
presence of squamoid nests, crucial for establish-
ing the diagnosis.298 These nests comprise dis-
tinctive cells with eosinophilic to clear cytoplasm, 
forming islands or whorled nests with a squamous 
appearance, sometimes exhibiting overt keratini-
zation. The nuclei of these cells are larger and 
more oval-shaped than those of surrounding cells 
and lack prominent nucleoli or mitoses. 
Occasionally, nuclear clearing due to intranuclear 
accumulation of biotin may be observed.299 
Squamoid nests also stain positive for EMA. In 
addition to the acinar component and squamoid 
nests, a neuroendocrine component can be 
detected using specific immunohistochemical 
stains (chromogranin A, synaptophysin). In 
adults, squamoid nests and cellular fibroma might 
be more subtle, making the distinction between 
PACC and AP difficult.64,258 In doubtful cases, it 
is suggested to favor the diagnosis of pancreato-
blastoma in children and PACC in adults.258

Molecular events involving the Wnt-signaling 
pathway are a hallmark of pancreatoblastoma. 
Activating mutations in exon 3 of CTNNB1 occur 
in 90% of pediatric pancreatoblastomas and simi-
lar findings have been shown in the adult popula-
tion.300 Loss of 11p have been described in a 
comparable frequency and inactivating mutations 
in APC have also been reported.65,301 However, 
CTNNB1 and APC mutations are considered to 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 17

be mutually exclusive.66 Also, mutations in 
KRAS, CDKN2A, and TP53 are typically lacking 
in pancreatoblastoma,61,302 and SMAD4 muta-
tions have occasionally been described.270 ALK, 
CTLA4, PDCD1, CALML3, and KLK4 seem to 
have higher gene expression in comparison to aci-
nar cell carcinomas.302 Other reports describe 
MCL1 amplifications (15%) and alterations in 
FGRF signaling pathways are potentially targeta-
ble molecular events.150,303 Pancreatoblastomas 
usually present a low TMB and, so far, no case of 
dMMR/MSI-H AP has been reported.65,66,270

Surgical resection is the cornerstone of curative 
treatment,60,148,149 and at least in pediatric cases, 
R0 resections seem to be associated with improved 
prognosis.304 In pediatric pancreatoblastoma, 
long-term survival with resection of metastatic 
disease following chemotherapy has been 
reported.305 However, in AP, most data suggest 
patients experience short-lived benefits from 
resection of metastatic disease.150,306 Whenever 
an upfront R0 resection is not feasible, especially 
in cases of large and aggressive tumors, neoadju-
vant chemotherapy can be recommended.304,307 
In children, pancreatoblastoma is considered to 
be a chemosensitive tumor and the chemotherapy 
regimen most frequently used is doxorubicin plus 
cisplatin (PLADO regimen).304 In children, 
response rates of up to 73% have been described.305 
However, this chemotherapy regimen has been 
shown to be rather ineffective and toxic in 
adults,115,150 and more recently, FOLFIRINOX 
has been shown to be active both in the neoadju-
vant and metastatic settings.66,150,151 Also, limited 
data suggest gemcitabine-based chemotherapy 
has little activity against AP.115 After complete 
resection of an AP, there is no robust data regard-
ing the role of adjuvant chemotherapy. While 
chemotherapy is commonly indicated for patients 
with lymph node-positive pediatric pancreato-
blastoma,304 the available evidence suggests there 
is no benefit of adjuvant chemotherapy for AP.60 
However, adult patients with lymph node-posi-
tive disease seem to experience an aggressive clin-
ical course, and given the recently reported 
activity of FOLFIRINOX in this setting, we 
believe it is reasonable to recommend adjuvant 
FOLFIRINOX for these patients. Limited data 
suggest adjuvant radiotherapy is not beneficial 
against AP. However, radiotherapy can be used 
to palliate symptoms in the metastatic setting, 
and, based on data from pediatric pancreatoblas-
toma, it can be considered in cases of positive sur-
gical margins.60,304 In the pediatric setting, 

high-dose chemotherapy with peripheral stem cell 
rescue has been employed in selected cases,304 
and mixed results have been described in 
adults.150,308 Therefore, we believe this could be a 
treatment option in very selected cases of disease 
progressing to first-line chemotherapy.

The upregulation of immune checkpoint-related 
genes suggests immunotherapy might play a role 
in the treatment of AP.302 However, a recent 
report describes the use of ICIs in two patients 
with AP with disappointing results.150 Likewise, 
the anti-FGFR (fibroblast growth factor recep-
tor) agent nintedanib has been used in a patient 
with AP harboring an FGRF2-INA fusion with 
no significant clinical benefit.150

The prognosis of AP is worse than its pediatric 
counterpart.61,65 However, pancreatoblastomas in 
adults usually follow a less aggressive clinical 
course when compared to PDAC.66 Advanced 
age, presence of lymph node metastasis, and 
unresectable disease are considered to be poor 
prognostic factors for patients with AP.60,65

Invasive intraductal papillary mucinous 
neoplasms
Pancreatic cystic lesions (PCL) are very common 
in the general population. In cross-sectional 
imaging studies, the prevalence of PCL has been 
estimated to be between 2% to 15%, increasing to 
up to 50% in autopsy series.309 While in the past 
pseudocysts accounted for a large number of pan-
creatic cysts, currently up to 95% of PCLs are 
pancreatic cystic neoplasms (PCN).309 Intraductal 
papillary mucinous neoplasm (IPMN) is the most 
clinically relevant variety of PCN, representing 
21–38% of all resected PCNs.310 It is defined by 
the current WHO Digestive System Tumor 
Classification as grossly visible (typically >5 mm) 
intraductal epithelial neoplasm of mucin-produc-
ing cells, arising in the main pancreatic duct and/
or its branches.311 Importantly, the incidence of 
IPMN is rising considerably in the West as a con-
sequence of increased awareness of this clinical 
entity, albeit one cannot exclude the possibility of 
increased exposure to still non-identified risk 
factors.310,312

IPMNs affect men slightly more often than 
women and frequently occur in the sixth to sev-
enth decades of life.313 Interestingly, patients with 
invasive IPMNs are 3–5 years older than those 
with non-invasive IPMNs, suggesting a time lag 
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of several years before non-invasive IPMNs can 
progress to overt malignant tumors.311,313 With 
the widespread use of non-invasive abdominal 
imaging techniques, IPMNs are often inciden-
tally detected when imaging is performed for 
unrelated conditions.71 When symptomatic, 
IPMNs can cause abdominal pain, acute pancre-
atitis (especially if MD-IPMN), jaundice, weight 
loss, steatorrhea, and worsening of glycemic con-
trol.314–316 Importantly, the risk of invasive carci-
noma is higher for symptomatic patients and 
there is a positive correlation between the dura-
tion of symptoms and the chance of malignancy 
in IPMNs.71,314,317

Patients with IPMN can develop pancreatic can-
cer in the two following scenarios: histological 
transformation of IPMN to invasive cancer and 
concomitant PDAC that can co-occur far from 
or in the vicinity of an IPMN.318 In the latter 
case, it might be difficult to distinguish invasive 
IPMN from concomitant PDAC.319 According 
to the classification proposed by the Japanese 
Pancreas Society, invasive IPMN is thought to be 
derived from IPMN based on radiological, mac-
roscopic, and microscopic findings, with a histo-
logical transition between the two components.320 
Conversely, concomitant PDAC does not have 
clear radiological or pathological relatedness to 
the adjacent IPMN or a transition zone. This dis-
tinction is clinically important since the progno-
sis of invasive IPMN is better than that of 
concomitant PDAC.318 Additional pieces of 
information that can help differentiate invasive 
IPMN from concomitant PDAC are the pres-
ence of colloid carcinoma in association with 
intestinal-type IPMN and GNAS mutation in 
the invasive component, which favors the diag-
nosis of invasive IPMN.319 Conversely, the 
absence of mural nodule in the IPMN favors the 
diagnosis of concomitant PDAC and it is impor-
tant to bear in mind that IPMN size and pancre-
atic duct dilatation are associated with the risk of 
invasive IPMN, but not of concomitant PDAC.321

Invasive carcinoma associated with IPMNs can 
manifest as two distinct types.311 Colloid carci-
noma, characterized by infiltrating epithelial ele-
ments separated by abundant stromal mucin, 
typically arising alongside intestinal-type IPMNs. 
On the other hand, tubular (ductal) adenocarci-
noma, resembling conventional PDAC morpho-
logically, is linked with both pancreatobiliary-type 
and gastric-type IPMNs. Ductal markers like 
CK7, CK19, CA 19-9, and CEA are commonly 

expressed in most IPMNs. The expression pat-
tern of mucins and CDX2,322 a marker of intesti-
nal differentiation, aids in distinguishing the 
morphological subtypes,323 although overlapping 
expression patterns are common.324

Activating mutations in KRAS and GNAS are 
the most frequent and earlier genetic events 
reported in IPMNs.73 Mutations in KRAS occur 
in 50–80% of IPMNs.74 GNAS encodes the stim-
ulatory a-subunit of the G-protein-coupled 
receptor, which activates Protein Kinase A 
through increased levels of cyclic adenosine 
monophosphate. Activating mutations in the 
codon 201 hotspot of GNAS are reported in 40–
70% of all IPMNs, and are more common in 
intestinal-type IPMN.319 GNAS mutations seem 
to be less frequently found in invasive IPMN325 
and colloid-type invasive IPMN seems to harbor 
GNAS mutations at a much higher rate than 
tubular-type invasive IPMN (89% versus 32%).326 
Loss-of-function mutations in RNF43 (a nega-
tive regulator of the Wnt-signaling pathway) have 
been reported in 10–75% of IPMNs and muta-
tions in other cancer-related genes have also been 
described at a low prevalence, such as BRAF, 
PIK3CA, STK11, and PTEN.74 Late molecular 
events present in high-grade IPMN involve loss-
of-function changes in tumor suppressor genes 
such as TP53, CDKN2A, and SMAD4,327 with 
alterations in the latter gene reported exclusively 
in invasive IPMN.74

Both low-grade and high-grade IPMNs have a 
low median TMB (around 1 mutation/Mb).73,328 
However, IPMN-related cancers harbor a signifi-
cantly higher frequency of dMMR/MSI-H (7%) 
than non-IPMN-related PDACs (1%) and loss 
of MMR protein expression is present in both 
IPMN and invasive IPMN.329 A recent system-
atic review of 34 studies with 8323 patients with 
pancreatic cancer demonstrated a very low prev-
alence of dMMR/MSI-H in PDAC (up to 2%). 
However, medullary and mucinous/colloid his-
tology showed a strong association with MSI/
dMMR (p < 0.01).41 Therefore, dMMR–MSI-H 
status should be determined as part of routine 
analysis in IPMN-associated carcinomas, as well 
as in mucinous/colloid and medullary carcino-
mas of the pancreas.

Invasive IPMNs are generally diagnosed postop-
eratively after pathological assessment of the sur-
gical specimen. Indeed, in opposition to PDAC, 
more than 90% of the patients with invasive 
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IPMN have their disease diagnosed in the local-
ized setting.69 Currently, there is no RCT assess-
ing the role of adjuvant chemotherapy or 
radiotherapy for resected invasive IPMN. All 
available information stems from population-
based studies and retrospective uni- or multi-
institutional cohorts. While multiple analyses 
have failed to identify a survival benefit in favor 
of adjuvant chemotherapy for invasive 
IPMN,75,330,331 others have found adjuvant 
chemotherapy is associated with improvements 
in survival only for selected subgroups of patients, 
such as those with lymph node-positive dis-
ease,77,152–155 tubular adenocarcinomas,152 higher 
disease stage (⩾stage II),77 and poorly differenti-
ated tumors.77 Indeed, very limited data suggest 
unselected patients benefit from adjuvant chem-
otherapy after resection of invasive IPMN.332 In 
a recent systematic review and meta-analysis, 
adjuvant chemotherapy was associated with 
improved survival only for patients with lymph 
node-positive or stage ⩾II disease.333 As a result, 
we believe patients with lymph node-positive dis-
ease, especially of tubular histology (given its 
worse prognosis), should receive adjuvant chem-
otherapy. One caveat of these analyses is that 
most patients given adjuvant therapy were treated 
with single-agent chemotherapy (especially gem-
citabine)333 and the use of the more active poly-
chemotherapy regimens might have led to more 
substantial survival improvements. Pending fur-
ther data specifically for invasive IPMN, we find 
it reasonable to extrapolate the data from PDAC 
and recommend the use of newer multiagent reg-
imens, such as FOLFIRINOX, in the adjuvant 
setting.

Also, in these studies, a variable number of 
patients received adjuvant radiotherapy333 and it 
is currently not known whether adjuvant radio-
therapy is beneficial in this setting. While limited 
data from population-based studies suggest adju-
vant radiotherapy is associated with improved 
survival for patients with cT3/4 or lymph node-
positive disease,77,156,157 relapses of invasive 
IPMN usually occur at distant sites, such as the 
liver and lungs.334,335 Therefore, we believe the 
routine use of adjuvant radiotherapy is not 
warranted.

In the setting of metastatic or relapsed invasive 
IPMN, there is very limited data on the activity 
of chemotherapy. In a small cohort from Italy, 13 
patients with metastatic invasive IPMN were 
treated with either single-agent gemcitabine or 

gemcitabine plus oxaliplatin. The ORR was 15% 
and the DCR was 61%.158 Median PFS and OS 
were 9.6 and 15.4 months, respectively. In a 
cohort study from Japan, 12 patients with 
relapsed invasive IPMN received single-agent 
gemcitabine.159 No patient experienced partial 
response and the DCR was 58%. This time, the 
median PFS and OS were only 2.8 and 
9.4 months, respectively. Last, another Japanese 
study evaluated the activity of single-agent gem-
citabine in 14 patients with unresectable invasive 
IPMN. The ORR was 14% and the DCR was 
79%. Median PFS and OS were 8.0 and 
24.0 months, respectively.160 Currently there is 
no data on the activity of FOLFIRINOX or gem-
citabine plus nab-paclitaxel against relapsed or 
metastatic invasive IPMN. That said, extrapolat-
ing the data from clinical trials in PDAC,336,337 
we believe both combination chemotherapy regi-
mens are considered reasonable options in this 
setting.

Most studies suggest invasive IPMN have a better 
prognosis than PDAC.70,75–77 However, this is not 
a universal finding after adjusting for other prog-
nostic factors.72 Also, the difference in prognosis 
seems to be greater for earlier stages,76,338 and 
metastatic invasive IPMN have a similar progno-
sis to that of metastatic PDAC.69,72 Additionally, 
the prognosis of colloid-type invasive IPMN is 
better than that of tubular-type invasive IPMN, 
which has been associated with survival figures 
similar to those of PDAC.78,79 In the localized set-
ting, T staging, type of invasive component, N 
staging, histological grade, perineural invasion, 
and CA 19-9 levels are significant prognostic fac-
tors.152,154,330–332 In the metastatic setting, age 
>60 years, multiple sites of metastasis, and the 
presence of liver metastasis are associated with 
inferior survival.339

Invasive mucinous cystic neoplasm
Mucinous cystic neoplasms (MCNs) are cyst-
forming and mucin-producing epithelial neo-
plasms,82 which diagnosis requires the presence of 
an ovarian-like stroma. MCNs represent 8–10% 
of PCL.82–84 MCN affects females almost exclu-
sively (>90% of patients) and the mean age at 
diagnosis is between 40 and 60 years.82,83 Patients 
with invasive MCN are 10–15 older than those 
with non-invasive MCN.80,81 MCNs almost 
always arise in the pancreatic body or tail 
(>98%)82,84 and at presentation nearly half of the 
patients are symptomatic.83 The predominant 
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symptoms at presentation are upper abdominal 
bloating and pain, palpable mass, and weight 
loss.81 On cross-sectional imaging, MCNs present 
as cystic lesions with intralesional septa defining a 
small number (usually <6) of relatively large cysts 
(>2 cm).340 It also lacks communication with the 
pancreatic ductal system, a characteristic that 
helps differentiate MCNs from IPMNs.84

MCNs commonly present as cystic masses with 
variable thickness of the fibrous wall, occasionally 
showing calcifications.82 They can range from 2 
to 35 cm in greatest dimension, with a mean size 
around 6 cm. However, MCNs with invasive car-
cinoma tend to be larger, with a mean size of 
approximately 9 cm.341 Histologically, the cysts of 
MCNs are lined by epithelium and have underly-
ing ovarian-type stroma. The distinctive ovarian-
type stroma found in MCNs consists of densely 
packed spindle-shaped cells with round or elon-
gated nuclei and sparse cytoplasm.342 Its presence 
is essential for the diagnosis of MCNs and can be 
particularly useful when the epithelial lining is 
extensively denuded.82

MCNs are categorized into low-grade and high-
grade based on the highest degree of cytoarchitec-
tural atypia in the epithelium.82 High-grade MCNs 
display severe atypia, including the formation of 
papillae with irregular branching and budding. 
Nuclear features such as stratification with loss of 
polarity, pleomorphism, and prominent nucleoli 
are prominent. Additionally, high-grade MCNs 
often exhibit numerous mitotic figures, indicating 
increased cellular proliferation and dysplasia. 
Approximately 15% of MCNs have an associated 
invasive carcinoma component, typically occurring 
in large tumors with gross papillary nodules.82 The 
invasive component is usually tubular-type adeno-
carcinoma, although other subtypes have been 
described.343 Colloid carcinomas do not occur in 
MCNs, and the invasive component can be focal, 
necessitating thorough sampling.341

Immunohistochemically, the neoplastic epithelial 
cells in MCNs express various markers including 
CK7, CK8, CK18, CK19, EMA, CEA, and 
MUC5AC.344 While non-invasive MCNs express 
SMAD4 protein but not EMA (MUC1), invasive 
carcinomas in MCNs may lose SMAD4 expres-
sion and express EMA (MUC1).345 The ovarian-
type stroma, on the other hand, expresses smooth 
muscle actin (SMA), muscle-specific actin 
(MSA), desmin, progesterone receptor (PR) (60–
90%), and estrogen receptor (ER) (30%).82,346

MCNs have been variably found to harbor acti-
vating mutations in KRAS (3–100%), with higher 
frequency in high-grade lesions.74,86,87 Similar to 
invasive IPMN, mutations in RNF43 are found in 
up to 56% of MCNs, also with higher frequency 
in high-grade and invasive MCNs.87 Nonetheless, 
unlike invasive IPMN, GNAS mutations are not 
found in invasive MCN.74 CDKN2A loss and 
TP53 mutations have also been frequently found, 
almost exclusively in high-grade lesions.74,86 
Finally, SMAD4 loss occurs at a high frequency 
in invasive MCN, but is not described in non-
invasive MCN.347

In a recent systematic review and meta-analysis, 
invasive carcinoma was found in 16% of resected 
MCNs.85 Characteristics associated with 
increased risk of malignancy include larger tumor 
size (>5–6.5 cm), presence of mural nodes, irreg-
ular thickening of the cyst wall, and increased lev-
els of serum tumor markers (CEA, CA 19-9, and 
CA 125).82,85 As a result, current guidelines sug-
gest MCNs should be resected in case of lesion 
size >4 cm, mural nodule or solid mass, positive 
cytology for high-grade or invasive lesion, or dis-
ease-related symptoms.348

Given its rarity, there is no high-quality data 
regarding the role of adjuvant chemotherapy for 
patients with resected invasive MCN. However, 
most patients with invasive MCN present with 
lymph node-negative disease, with a lymph node 
positivity rate ranging from 0% to 34%,68,349–351 
and these patients have a much better prognosis 
than those with invasive IPMN or PDAC, with 
10-year OS rates up to 80%.68,88 Also, limited 
data from population-based studies suggest adju-
vant chemotherapy is not associated with 
improved survival outcomes for patients with 
resected invasive MCN.88 Therefore, one cannot 
routinely recommend adjuvant chemotherapy for 
patients with invasive MCN.

Again, there is little information to guide treat-
ment decisions for patients with metastatic or 
relapsed invasive MCN. Werner et al.161 treated 
five patients with mucinous cystadenocarcinoma 
with metastases or vascular invasion with gem-
citabine-based chemotherapy, with a mean OS 
of 11 months (ranging from 4 to 37 months). In 
one Italian multicenter study, 15 patients with 
pancreatic mucinous cystadenocarcinoma were 
given chemotherapy in the first-line setting, 
mostly (N = 12) gemcitabine-based regimens.115 
Two patients achieved a partial response (one 
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treated with gemcitabine plus erlotinib and the 
other with gemcitabine plus cisplatin), for an 
ORR rate of 13.3% and a DCR of 80%. Three 
among four long-term survivors (OS ⩾ 15 months) 
received gemcitabine plus cisplatin in first-line. 
Interestingly, all three patients who received 
FOLFIRINOX experienced stable disease as the 
best response, with time to progression ranging 
from 5 to 7 months. In the second-line setting, 
one patient (among 12) had a partial response, 
this time with FOLFOX. Collectively, many 
case reports suggest interesting activity of gem-
citabine against metastatic invasive MCN, espe-
cially when combined with a platinum 
agent.162–165 Additionally, in a few case reports 
FOLFIRINOX led to tumor shrinkage and pro-
longed disease control, suggesting this might 
also be an option.165,352 Therefore, the available 
clinical data suggest gemcitabine plus a plati-
num compound (either cisplatin or oxaliplatin) 
is a reasonable choice in this setting. However, 
given the limited efficacy of chemotherapy and 
the dearth of information regarding the activity 
of more contemporary regimens, such as gemcit-
abine plus nab-paclitaxel and FOLFIRINOX, 
we acknowledge such regimens are also accept-
able treatment options.

Patients with metastatic invasive MCN have a 
similar prognosis to that of invasive IPMN.88 
Also, the presence of lymph node metastasis is 
associated with inferior survival for patients with 
non-metastatic invasive MCN.88

Solid pseudopapillary neoplasms of the 
pancreas
Solid pseudopapillary neoplasms of the pancreas 
(SPPNPs) are defined by the current WHO 
Digestive System Tumor Classification as low-
grade malignant neoplasms composed of poorly 
cohesive epithelial cells forming solid and pseu-
dopapillary structures that lack a specific line of 
pancreatic epithelial differentiation.99 It repre-
sents 10–15% of all PCNs and 1–2% of all pan-
creatic tumors.95,97 In patients <40 years old, 
SPPNP represents 30% of all pancreatic tumors.99 
Epidemiological data on this tumor suggest its 
incidence is increasing, and in fact, most cases 
have been reported in the past 20 years.89,353

SPPNPs usually affect women of reproductive 
age. Eighty–ninety percent of all cases arise in 
women and the mean age at diagnosis is 27–
30 years.89–91 At presentation, 37–69% of the 

patients are symptomatic, and the most frequent 
symptoms are abdominal or epigastric discom-
fort/pain, nausea and vomiting, palpable mass, 
and weight loss.92–97 SPPNP usually arises in the 
pancreatic body or tail (57–74%).92–97 
Interestingly, CA 19-9 is elevated in a minority of 
patients (0–12%), usually at low levels.92,93,95,97 
On imaging, SPPNPs usually are well-delimited 
and large tumors (mean size ranging from 4 to 
9 cm) with a characteristic solid and cystic appear-
ance.90,98 The cystic components represent foci of 
hemorrhage that occur as the tumor outgrows the 
blood supply and are better seen in T1-weighted 
MRI imaging. Calcifications are seen in up to 
30% of the cases.354 Interestingly, even with these 
distinctive features, the preoperative diagnosis of 
SPPNP can only be established in 70% of the 
cases.92,95

Small tumors typically exhibit a denser (solid) 
consistency and the neoplasm’s wall may harbor 
calcifications.99 Infrequently, the tumor extends 
into the duodenal wall or other neighboring struc-
tures.355 Microscopically, solid and pseudopapil-
lary structures are blended with hemorrhage and 
pseudocystic changes in varying proportions.99 
The solid tumor component, which may resem-
ble a NEN, comprises poorly cohesive monomor-
phic cells adhering to hyalinized or myxoid 
fibrovascular cords.99 Pseudopapillae form as 
neoplastic cells detach from the fibrovascular 
stalks. Although generally well-demarcated, the 
tumor may infiltrate surrounding pancreatic tis-
sue focally, entrapping acinar cells and islets. 
Vascular and perineural invasion is rare and 
metastases generally mirror the primary tumor 
morphologically, with cells possibly exhibiting 
more pleomorphism and mitoses.355 Solid pseu-
dopapillary neoplasms (SPNs) with areas of high-
grade malignant transformation are recognized as 
a histological subtype. These clinically aggressive 
SPNs feature diffuse cell sheets with increased 
nuclear atypia and abundant mitoses, with 
reported cases containing foci of sarcomatoid 
(spindle cell) carcinoma.356

SPPNPs consistently demonstrate nuclear/cyto-
plasmic expression of β-catenin and often 
E-cadherin.357 Additionally, they express cyclin 
D1, vimentin, PR, CD10, CD99 (dot-like), 
CD56, claudin-5, claudin-7, and α1-antitrypsin. 
Cytokeratins are variably expressed, with up to 
70% of cases showing positivity depending on 
antigen retrieval methods. Approximately 50% of 
SPPNPs express KIT (CD117) but lack KIT 
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mutations.358 Synaptophysin and neuron-specific 
enolase may exhibit focal positivity, while SPNs 
are typically negative for chromogranin A, trypsin, 
and CEA.357 Solid SPNs may histologically 
resemble well-differentiated NENs or acinar cell 
carcinomas,99 and the diagnosis in such cases 
relies on the nuclear β-catenin expression and the 
absence of labeling for chromogranin A, trypsin, 
and/or BCL10.

SPPNPs almost universally present alterations in 
the Wnt pathway. More specifically, mutations in 
CTNNB1 (which encodes b-catenin) are found in 
83–100% of SPPNPs.100 These are usually mis-
sense exon 3 mutations that lead to loss of the 
glycogen synthase kinase 3-b (GSK3b) binding 
site, impairing the degradation of the b-catenin 
and fostering the activation of the Wnt path-
way.100–103 This leads to increased expression of 
multiple members of the Wnt pathway, along 
with the upregulation of cell cycle regulators, 
such as CCND1.359,360

Overall, SPPNPs have low TMB and few copy 
number alterations,101 and this perhaps explains 
the rather indolent disease behavior witnessed in 
most patients. However, a subset of up to 15% of 
SPPNPs present more aggressive clinical behav-
ior – so-called malignant SPPNP.102 Limited data 
suggest additional molecular alterations, such as 
mutations in cell cycle regulators (TP53 or RB) or 
loss of epigenetic regulators (BAP1, TET1, or 
KDM6A), are needed to trigger its full-blown 
malignant potential.102,361 Additionally, muta-
tions in other genes such as BRCA2, ATM, 
PIK3CA, PTEN, ESR1, and CDKN2A have been 
described, some of them successfully addressed 
with specific targeted therapy – 29% of SPPNPs 
have potentially actionable mutations.103,173 As 
expected, malignant SPPNPs display increased 
levels of copy number alterations when compared 
to their benign counterpart and dMMR/MSI-H 
has been anecdotally described in SPPNP.103,362

Surgical resection is the single most important 
prognostic factor for patients with SPPNP.166,167 
Indeed, even patients with more advanced dis-
ease, with evidence of vascular invasion (with  
or without need for vascular resections) and  
metastatic disease seem to benefit from resec-
tion.104,167,168 Also, multiple resections for meta-
static relapse have been performed at times, with 
excellent clinical outcomes,169 and even liver 
transplantation in the setting of unresectable met-
astatic disease has been done with success.363–366

On the other hand, patients with less aggressive 
diseases might be managed, at least in the begin-
ning, with less aggressive approaches. For patients 
with asymptomatic small (<2 cm) non-invasive 
tumors, initial clinical and radiological surveil-
lance might be adequate.367 However, as patients 
are generally young, this only postpones surgery 
(for an average of 12 months).95 Additionally, for 
patients with non-invasive disease, tumor enu-
cleation and other limited resections have been 
shown to lead to good surgical and survival out-
comes in multiple studies, especially in 
Asia.94,96,368,369 Limited resections have been 
advocated as they spare pancreatic parenchyma, 
and therefore, preserve endocrine and exocrine 
functions. Nonetheless, limited data from the 
West suggest limited resections might lead to 
increased rates of tumor recurrence,92 suggesting 
one should carefully select patients for this surgi-
cal approach.

On average, relapse rates for resected SPPNP are 
low at 3% (ranging from 0% to 20%).90 Therefore, 
the potential benefits of adjuvant chemotherapy 
are very likely offset by its risks and side effects. 
Indeed, data from population-based studies sug-
gest adjuvant chemotherapy does not improve the 
clinical outcomes of patients with resected 
SPPNP.167 Also, given the systemic pattern of 
these few relapses,94,370,371 there seems to be no 
indication for adjuvant radiotherapy, even for 
patients with R1 resection.170,171 Importantly, 
relapses from SPPNP can occur many years after 
the resection of the primary tumor. Thus, an 
extended period of follow-up (e.g. 10 years) is jus-
tified in this setting.92

In the setting of metastatic or relapsed SPPNP, 
case reports suggest SPPNPs might be sensitive to 
chemotherapy. Multiple chemotherapy regimens 
have been used, but so far, the best responses have 
been seen in patients treated with platinum-based 
chemotherapy, especially with cisplatin and oxali-
platin.173,174 In one Italian multicentric study, four 
patients with SPPNP were treated with gemcit-
abine-based chemotherapy (including two with 
gemcitabine plus oxaliplatin), and no responses 
were observed.115 Therefore, based on the limited 
data available so far, cisplatin-based chemother-
apy regimens might be the most active regimens 
against SPPNP.172 For unresectable SPPNP, radi-
otherapy might be an option.172,372,373 However, 
given that unresectable SPPNPs usually present as 
large masses, treatments with radiotherapy at high 
doses might be difficult to deliver due to concerns 
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regarding nearby organ toxicity.374 Given the fre-
quent expression of PR and its female predilec-
tion, theoretically, SPPNP might be sensitive to 
hormonal therapy, and spontaneous regression of 
SPPNP coinciding with menopause has been 
reported.375 Indeed, a few case reports have looked 
at the activity of tamoxifen in metastatic SPPNP 
and have described long-term disease stabilization 
and even radiological partial response.175–177 
Targeted therapy has been shown to be active in 
very selected cases of metastatic SPPNP. More 
specifically, patients with molecular alterations in 
the AKT/PI3K (phosphatidylinositol 3-kinase)/
mTOR (mammalian target of rapamycin) path-
way treated with the mTOR inhibitor everolimus 
experienced objective response to treat-
ment.173,178,179 Given the high frequency of 
b-catenin alterations, it is sound to investigate 
inhibitors of the Wnt pathway in SPPNP. In this 
regard, a phase I/II trial is currently investigating 
the role of tegavivint, a drug that selectively dis-
rupts the interaction of β-catenin and TBL1/
TBLR1, in patients with multiple malignancies, 
including SPPNP (NCT03459469).

After surgical resection, there are controversial 
findings regarding the risk factors for disease 
recurrence. The WHO Digestive System Tumor 
Classification suggests the malignant potential of 
SPPNPs cannot be predicted by angioinvasion, 
perineural invasion, or deep invasion of the sur-
rounding pancreatic parenchyma.99 However, 
many studies ratify the importance of such fea-
tures in the patient’s chance of disease recurrence 
(especially angioinvasion).94,97,371,376 Other clini-
cal and pathological factors have recently emerged 
as important predictors of disease relapse or sur-
vival, such as tumor size (>8–10 cm),94,370,371,376 
increased Ki-67 expression,370,371,377 stage IV dis-
ease,94,166,376 and male sex.166,378,379 Interestingly, 
only a few studies have established positive surgi-
cal margins and positive lymph nodes as risk fac-
tors for disease relapse.379 Specifically in the 
setting of metastatic disease, patients with perito-
neal disease seem to fare poorly.94

Conclusion
Rare histological subtypes of pancreatic cancer 
encompass a group of heterogeneous malignan-
cies, some of which share molecular alterations 
with PDAC. The identification of these entities 
is important, as they might display different dis-
ease courses when compared to conventional 
PDAC. Additionally, some of these tumors have 

completely different molecular backgrounds, 
suggesting novel therapeutic approaches could 
be explored. Finally, a remaining challenge is to 
be able to set up cooperative study groups to 
evaluate innovative therapies for these rare 
malignancies.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Victor Hugo Fonseca de Jesus: Concept
ualization; Methodology; Visualization; Writing 
– original draft; Writing – review & editing.

Mauro Daniel Spina Donadio: Visualization; 
Writing – original draft.

Ângelo Borsarelli Carvalho de Brito: 
Visualization; Writing – original draft.

Arthur Conelian Gentilli: Visualization; 
Writing – original draft.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials

Not applicable.

ORCID iDs
Victor Hugo Fonseca de Jesus  https://orcid.
org/0000-0003-4702-116X

Mauro Daniel Spina Donadio  https://orcid.
org/0000-0002-4705-4802

References
	 1.	  Bray F, Laversanne M, Sung H, et al. Global 

cancer statistics 2022: GLOBOCAN estimates 
ofincidence and mortality worldwide for 36 

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0003-4702-116X
https://orcid.org/0000-0003-4702-116X
https://orcid.org/0000-0002-4705-4802
https://orcid.org/0000-0002-4705-4802


Therapeutic Advances in 
Medical Oncology Volume 16

24	 journals.sagepub.com/home/tam

cancers in 185countries. CA Cancer J Clin 2024; 
74(3): 229–263.

	 2.	 Siegel RL, Giaquinto AN and Jemal A. Cancer 
statistics, 2024. CA Cancer J Clin 2024; 74: 
12–49.

	 3.	 Rahib L, Wehner MR, Matrisian LM, et al. 
Estimated projection of US cancer incidence 
and death to 2040. JAMA Netw Open 2021; 4: 
e214708.

	 4.	 Quante AS, Ming C, Rottmann M, et al. 
Projections of cancer incidence and cancer-
related deaths in Germany by 2020 and 2030. 
Cancer Med 2016; 5: 2649–2656.

	 5.	 Barbosa I, dos Santos C and de Souza D. 
Pancreatic cancer in Brazil: mortality trends and 
projections until 2029. Arq Gastroenterol 2018; 55: 
230–236.

	 6.	 Bazzichetto C, Luchini C, Conciatori F, et al. 
Morphologic and molecular landscape of 
pancreatic cancer variants as the basis of new 
therapeutic strategies for precision oncology.  
Int J Mol Sci 2020; 21: 8841.

	 7.	 Conroy T, Pfeiffer P, Vilgrain V, et al. Pancreatic 
cancer: ESMO clinical practice guideline for 
diagnosis, treatment and follow-up. Ann Oncol 
2023; 34: 987–1002.

	 8.	 National Comprehensive Cancer Network 
(NCCN). Pancreatic adenocarcinoma – Version 
1.2024, https://www.nccn.org/professionals/
physician_gls/pdf/pancreatic.pdf (2023, accessed 
10 April 2024).

	 9.	 Satake T, Morizane C, Rikitake R, et al. The 
epidemiology of rare types of hepatobiliary and 
pancreatic cancer from national cancer registry.  
J Gastroenterol 2022; 57: 890–901.

	10.	 Schünemann H, Brożek J, Guyatt G, et al. 
GRADE handbook, https://gdt.gradepro.org/app/
handbook/handbook.html (2013, accessed 10 
April 2024).

	11.	 Katz MH, Taylor TH, Al-Refaie WB, et al. 
Adenosquamous versus adenocarcinoma  
of the pancreas: a population-based outcomes 
analysis. J Gastrointest Surg 2011; 15:  
165–174.

	12.	 Hartgers ML, Bamlet W, Graham RP, et al. 
Pancreatic adenosquamous carcinoma: clinical 
associations, treatment, and outcomes. J Clin 
Oncol 2020; 38(Suppl 4): abstr 751.

	13.	 Boecker J, Feyerabend B, Tiemann K, et al. 
Adenosquamous carcinoma of the pancreas 
comprise a heterogeneous group of tumors 
with the worst outcome: a clinicopathological 
analysis of 25 cases identified in 562 pancreatic 

carcinomas resected with curative intent. Pancreas 
2020; 49: 683–691.

	14.	 Braun R, Klinkhammer-Schalke M, Zeissig SR, 
et al. Clinical outcome and prognostic factors of 
pancreatic adenosquamous carcinoma compared 
to ductal adenocarcinoma – results from the 
German Cancer Registry Group. Cancers (Basel) 
2022; 14: 3946.

	15.	 Auvray Kuentz M, Hautefeuille V, de Mestier 
L, et al. Chemotherapy in advanced pancreatic 
adenosquamous carcinoma: a retrospective 
multicenter AGEO study. Int J Cancer 2023; 152: 
1894–1902.

	16.	 Hester CA, Augustine MM, Choti MA, et al. 
Comparative outcomes of adenosquamous 
carcinoma of the pancreas: an analysis of the 
National Cancer Database. J Surg Oncol 2018; 
118: 21–30.

	17.	 Yoshida Y, Kobayashi S, Ueno M, et al. Efficacy 
of chemotherapy for patients with metastatic or 
recurrent pancreatic adenosquamous carcinoma: 
a multicenter retrospective analysis. Pancreatology 
2022; 22: 1159–1166.

	18.	 Kaiser J, Hinz U, Mayer P, et al. Clinical 
presentation and prognosis of adenosquamous 
carcinoma of the pancreas – matched-pair 
analysis with pancreatic ductal adenocarcinoma. 
Eur J Surg Oncol 2021; 47: 1734–1741.

	19.	 Hruban R, Adsay N, Esposito I, et al. Pancretic 
ductal adenocarcinoma. In: WHO Classification 
of Tumours Editorial Board (ed.) World Health 
Organization (WHO) classification of digestive 
system tumours. World Health Organization, Lyon 
(France), 5th ed, 2019, pp. 322–332.

	20.	 Brody JR, Costantino CL, Potoczek M, et al. 
Adenosquamous carcinoma of the pancreas 
harbors KRAS2, DPC4 and TP53 molecular 
alterations similar to pancreatic ductal 
adenocarcinoma. Mod Pathol 2009; 22: 651–659.

	21.	 Fang Y, Su Z, Xie J, et al. Genomic signatures of 
pancreatic adenosquamous carcinoma (PASC). J 
Pathol 2017; 243: 155–159.

	22.	 Lenkiewicz E, Malasi S, Hogenson TL, et al. 
Genomic and epigenomic landscaping defines 
new therapeutic targets for adenosquamous 
carcinoma of the pancreas. Cancer Res 2020; 80: 
4324–4334.

	23.	 Sakakida T, Ishikawa T, Doi T, et al. Genomic 
landscape and clinical features of rare subtypes 
of pancreatic cancer: analysis with the national 
database of Japan. J Gastroenterol 2023; 58: 
575–585.

	24.	 Gruhl JD, Garrido-Laguna I, Francis SR, et al. 
The impact of squamous cell carcinoma histology 

https://journals.sagepub.com/home/tam
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 25

on outcomes in nonmetastatic pancreatic cancer. 
Cancer Med 2020; 9: 1703–1711.

	25.	 Clark CJ, Graham RP, Arun JS, et al. Clinical 
outcomes for anaplastic pancreatic cancer: a 
population-based study. J Am Coll Surg 2012; 
215: 627–634.

	26.	 Christopher W, Nassoiy S, Marcus R, et al. 
Prognostic indicators for undifferentiated 
carcinoma with/without osteoclast-like giant 
cells of the pancreas. HPB (Oxford) 2022; 24: 
1757–1769.

	27.	 Shiihara M, Higuchi R, Izumo W, et al. 
A comparison of the pathological types of 
undifferentiated carcinoma of the pancreas. 
Pancreas 2020; 49: 230–235.

	28.	 Imaoka H, Ikeda M, Umemoto K, et al. 
Comprehensive review of undifferentiated 
carcinoma of the pancreas: from epidemiology to 
treatment. Jpn J Clin Oncol 2023; 53: 764–773.

	29.	 Muraki T, Reid MD, Basturk O, et al. 
Undifferentiated carcinoma with osteoclastic 
giant cells of the pancreas: clinicopathologic 
analysis of 38 cases highlights a more protracted 
clinical course than currently appreciated. Am J 
Surg Pathol 2016; 40: 1203–1216.

	30.	 Luchini C, Pea A, Lionheart G, et al. Pancreatic 
undifferentiated carcinoma with osteoclast-like 
giant cells is genetically similar to, but  
clinically distinct from, conventional  
ductal adenocarcinoma. J Pathol 2017; 243: 
148–154.

	31.	 Hoorens A, Prenzel K, Lemoine NR, et al. 
Undifferentiated carcinoma of the pancreas: 
analysis of intermediate filament profile and 
Ki-ras mutations provides evidence of a ductal 
origin. J Pathol 1998; 185: 53–60.

	32.	 Patel M, Hans HS, Pan K, et al. The impact 
of epidemiological factors and treatment 
interventions on survival in patients with signet 
ring cell carcinoma of the pancreas. Am J Clin 
Oncol 2018; 41: 1176–1184.

	33.	 Nie D, Yang J, Zheng H, et al. Survival analysis 
and individualized prediction of survival benefit 
for pancreatic signet ring cell carcinoma: a 
population study based on the SEER database. 
BMC Gastroenterol 2023; 23: 62.

	34.	 Simbolo M, Silvestris N, Malleo G, et al. Clinical 
and genomic characterization of pancreatic ductal 
adenocarcinoma with signet-ring/poorly cohesive 
cells. Mod Pathol 2023; 36: 100251.

	35.	 Zeng SX, Tan SW, Fong CTH, et al. Hepatoid 
carcinoma of the pancreas: a case report and 
review of the literature. World J Clin Cases 2020; 
8: 1116–1128.

	36.	 Kuo PC, Chen SC, Shyr YM, et al. Hepatoid 
carcinoma of the pancreas. World J Surg Oncol 
2015; 13: 185.

	37.	 He J, Zhao Q, Liu Q, et al. Surgical resection 
of pancreatic hepatoid carcinoma followed by 
combined transarterial chemoembolization and 
immunotherapy: a case report. Onco Targets Ther 
2021; 14: 4575–4578.

	38.	 Chang JM, Katariya NN, Lam-Himlin DM, et al. 
Hepatoid carcinoma of the pancreas: case report, 
next-generation tumor profiling, and literature 
review. Case Rep Gastroenterol 2016; 10: 605–612.

	39.	 Wilentz RE, Goggins M, Redston M, et al. 
Genetic, immunohistochemical, and clinical 
features of medullary carcinoma of the pancreas: 
a newly described and characterized entity. Am J 
Pathol 2000; 156: 1641–1651.

	40.	 Saad M, Triantafyllou E, Papaleo D, et al. 
Medullary carcinoma of the pancreas: report 
of a rare pancreatic malignancy and review of 
literature. EMJ Gastroenterol 2022: 11.1: 38–45.

	41.	 Luchini C, Brosens LAA, Wood LD, et al. 
Comprehensive characterisation of pancreatic 
ductal adenocarcinoma with microsatellite 
instability: histology, molecular pathology and 
clinical implications. Gut 2021; 70: 148–156.

	42.	 Yago A, Furuya M, Mori R, et al. Medullary 
carcinoma of the pancreas radiologically followed 
up as a cystic lesion for 9 years: a case report  
and review of the literature. Surg Case Rep 2018; 
4: 80.

	43.	 Schmidt CM, Matos JM, Bentrem DJ, et al. 
Acinar cell carcinoma of the pancreas in the 
United States: prognostic factors and comparison 
to ductal adenocarcinoma. J Gastrointest Surg 
2008; 12: 2078–2086.

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

	45.	 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: 446–454.

	46.	 Lowery MA, Klimstra DS, Shia J, et al. Acinar 
cell carcinoma of the pancreas: new genetic 
and treatment insights into a rare malignancy. 
Oncologist 2011; 16: 1714–1720.

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

	48.	 Wang Y, Wang S, Zhou X, et al. Acinar cell 
carcinoma: a report of 19 cases with a brief 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

26	 journals.sagepub.com/home/tam

review of the literature. World J Surg Oncol 2016; 
14: 172.

	49.	 Zhou W, Han X, Fang Y, et al. Clinical  
analysis of acinar cell carcinoma of the pancreas: 
a single-center experience of 45 consecutive cases. 
Cancer Control 2020; 27: 1073274820969447.

	50.	 Bhosale P, Balachandran A, Wang H, et al. CT 
imaging features of acinar cell carcinoma and 
its hepatic metastases. Abdom Imaging 2013; 38: 
1383–1390.

	51.	 Barat M, Dohan A, Gaujoux S, et al. Computed 
tomography features of acinar cell carcinoma of the 
pancreas. Diagn Interv Imaging 2020; 101: 565–575.

	52.	 Tatli S, Mortele KJ, Levy AD, et al. CT and 
MRI features of pure acinar cell carcinoma of the 
pancreas in adults. AJR Am J Roentgenol 2005; 
184: 511–519.

	53.	 Qu Q, Xin Y, Xu Y, et al. Imaging and 
clinicopathological features of acinar cell 
carcinoma. Front Oncol 2022; 12: 888679.

	54.	 La Rosa S, Klimstra DS and Wood LD. 
Pancretic acinar cell carcinoma. In: WHO 
Classification of Tumours Editorial Board (ed.) 
World Health Organization (WHO) classification  
of digestive system tumours. World Health 
Organization, Lyon (France), 5th ed., 2019,  
pp. 333–336.

	55.	 Mandelker D, Marra A, Zheng-Lin B, et al. 
Genomic profiling reveals germline predisposition 
and homologous recombination deficiency in 
pancreatic acinar cell carcinoma. J Clin Oncol 
2023; 41: 5151–5162.

	56.	 Chmielecki J, Hutchinson KE, Frampton 
GM, et al. Comprehensive genomic profiling 
of pancreatic acinar cell carcinomas identifies 
recurrent RAF fusions and frequent inactivation 
of DNA repair genes. Cancer Discov 2014; 4: 
1398–1405.

	57.	 Chou A, Brown IS, Kumarasinghe MP, et al. 
RET gene rearrangements occur in a subset of 
pancreatic acinar cell carcinomas. Mod Pathol 
2020; 33: 657–664.

	58.	 Prall OWJ, Nastevski V, Xu H, et al. RAF1 
rearrangements are common in pancreatic acinar 
cell carcinomas. Mod Pathol 2020; 33: 1811–1821.

	59.	 Yonkus JA, Bergquist JR, Alva-Ruiz R, et al. 
A national database analysis of acinar cell 
carcinoma of the pancreas, a histologically, 
epidemiologically, and biologically distinct entity 
increasing in incidence. Ann Pancreat Cancer 
2021; 4: 3.

	60.	 Salman B, Brat G, Yoon YS, et al. The diagnosis 
and surgical treatment of pancreatoblastoma in 

adults: a case series and review of the literature.  
J Gastrointest Surg 2013; 17: 2153–2161.

	61.	 Omiyale AO. Adult pancreatoblastoma: current 
concepts in pathology. World J Gastroenterol 2021; 
27: 4172–4181.

	62.	 Omiyale AO. Clinicopathological review of 
pancreatoblastoma in adults. Gland Surg 2015; 4: 
322–328.

	63.	 Chen M, Zhang H, Hu Y, et al. Adult 
pancreatoblastoma: a case report and 
clinicopathological review of the literature. Clin 
Imaging 2018; 50: 324–329.

	64.	 Ohike N and La Rosa S. Pancreatoblastoma. 
In: WHO Classification of Tumours Editorial 
Board (ed.) World Health Organization (WHO) 
classification of digestive system tumours. World 
Health Organization, Lyon (France), 5th ed., 
2019, pp. 337–339.

	65.	 Tsvetkova V, Magro G, Broggi G, et al. 
New insights in gastrointestinal ‘pediatric’ 
neoplasms in adult patients: pancreatoblastoma, 
hepatoblastoma and embryonal sarcoma of the 
liver. A practical approach by GIPPI-GIPAD 
groups. Pathologica 2022; 114: 64–78.

	66.	 Raoul JL, Oziel-Taieb S, Lecomte T, et al. Case 
report: two cases of metastatic pancreatoblastoma 
in adults: efficacy of folfirinox and implication of 
the Wnt/β-catenin pathway in genomic analysis. 
Front Oncol 2021; 11: 564506.

	67.	 Khoury RE, Kabir C, Maker VK, et al. What 
is the incidence of malignancy in resected 
intraductal papillary mucinous neoplasms? An 
analysis of over 100 US institutions in a single 
year. Ann Surg Oncol 2018; 25: 1746–1751.

	68.	 Griffin JF, Page AJ, Samaha GJ, et al. Patients 
with a resected pancreatic mucinous cystic 
neoplasm have a better prognosis than patients 
with an intraductal papillary mucinous neoplasm: 
a large single institution series. Pancreatology 
2017; 17: 490–496.

	69.	 Ziogas IA, Rodriguez Franco S, Schmoke N, 
et al. Comparison of invasive pancreatic ductal 
adenocarcinoma versus intraductal papillary 
mucinous neoplasm: a national cancer database 
analysis. Cancers (Basel) 2023; 15: 1185.

	70.	 Gavazzi F, Capretti G, Giordano L, et al. 
Pancreatic ductal adenocarcinoma and invasive 
intraductal papillary mucinous tumor: different 
prognostic factors for different overall survival. 
Dig Liver Dis 2022; 54: 826–833.

	71.	 Morana G, D’Onofrio M, Martini P, et al. 
Intraductal papillary mucinous neoplasm 
(IPMN). In: D’Onofrio M, Capelli P and 
Pederzoli P (eds) Imaging and pathology 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 27

of pancreatic neoplasms. Springer, Cham 
(Switzerland), 2nd ed., 2022, pp. 251–326.

	72.	 Holmberg M, Radkiewicz C, Strömberg C, et al. 
Outcome after surgery for invasive intraductal 
papillary mucinous neoplasia compared to 
conventional pancreatic ductal adenocarcinoma 
– a Swedish nationwide register-based study. 
Pancreatology 2023; 23: 90–97.

	73.	 Semaan A, Bernard V, Wong J, et al. Integrated 
molecular characterization of intraductal papillary 
mucinous neoplasms: an NCI cancer moonshot 
precancer atlas pilot project. Cancer Res Commun 
2023; 3: 2062–2073.

	74.	 Fischer CG and Wood LD. From somatic 
mutation to early detection: insights from 
molecular characterization of pancreatic cancer 
precursor lesions. J Pathol 2018; 246: 395–404.

	75.	 Kaiser J, Scheifele C, Hinz U, et al. IPMN-
associated pancreatic cancer: survival, prognostic 
staging and impact of adjuvant chemotherapy. 
Eur J Surg Oncol 2022; 48: 1309–1320.

	76.	 Waters JA, Schnelldorfer T, Aguilar-Saavedra 
JR, et al. Survival after resection for invasive 
intraductal papillary mucinous neoplasm and for 
pancreatic adenocarcinoma: a multi-institutional 
comparison according to American Joint 
Committee on Cancer Stage. J Am Coll Surg 
2011; 213: 275–283.

	77.	 McMillan MT, Lewis RS, Drebin JA, et al. 
The efficacy of adjuvant therapy for pancreatic 
invasive intraductal papillary mucinous neoplasm 
(IPMN). Cancer 2016; 122: 521–533.

	78.	 Mino-Kenudson M, Fernández-del Castillo C, 
Baba Y, et al. Prognosis of invasive intraductal 
papillary mucinous neoplasm depends on 
histological and precursor epithelial subtypes. Gut 
2011; 60: 1712–1720.

	79.	 Yopp AC, Katabi N, Janakos M, et al. Invasive 
carcinoma arising in intraductal papillary 
mucinous neoplasms of the pancreas: a matched 
control study with conventional pancreatic ductal 
adenocarcinoma. Ann Surg 2011; 253: 968–974.

	80.	 Kosmahl M, Pauser U, Peters K, et al. Cystic 
neoplasms of the pancreas and tumor-like lesions 
with cystic features: a review of 418 cases and a 
classification proposal. Virchows Arch 2004; 445: 
168–178.

	81.	 Zhao ZM, Jiang N, Gao YX, et al. Clinical 
diagnosis and management of pancreatic 
mucinous cystadenoma and cystadenocarcinoma: 
single-center experience with 82 patients. World J 
Gastrointest Oncol 2020; 12: 642–650.

	82.	 Basturk O, Esposito I, Fukushima N, et al. 
Pancreatic mucinous cystic neoplasm. In: WHO 

Classification of Tumours Editorial Board (ed.) 
World Health Organization (WHO) classification 
of digestive system tumours. World Health 
Organization, Lyon (France). 5th ed., 2019, pp. 
319–321.

	83.	 Xie W, Liang H, Guo Y, et al. Update on 
mucinous cystic neoplasm of the pancreas:  
a narrative review. J Pancreatol 2021; 4:  
115–121.

	84.	 D’Onofrio M, Capelli P, Luchini C, et al. 
Mucinous neoplasms. In: D’Onofrio M, 
Capelli P and Pederzoli P (eds) Imaging and 
pathology of pancreatic neoplasms. Springer, Cham 
(Switzerland), 2nd ed., 2022, pp. 361–392.

	85.	 Pollini T, Marchegiani G, Facciorusso A, et al. 
It is not necessary to resect all mucinous cystic 
neoplasms of the pancreas: current guidelines do 
not reflect the actual risk of malignancy. HPB 
(Oxford) 2023; 25: 747–757.

	86.	 Conner JR, Mariño-Enríquez A, Mino-Kenudson 
M, et al. Genomic characterization of low- and 
high-grade pancreatic mucinous cystic neoplasms 
reveals recurrent KRAS alterations in ‘high-risk’ 
lesions. Pancreas 2017; 46: 665–671.

	87.	 Sakihama K, Koga Y, Yamamoto T, 
et al. RNF43 as a predictor of malignant 
transformation of pancreatic mucinous  
cystic neoplasm. Virchows Arch 2022; 480: 
1189–1199.

	88.	 Yang Z and Shi G. Comparison of 
clinicopathologic characteristics and survival 
outcomes between invasive IPMN and invasive 
MCN: a population-based analysis. Front Oncol 
2022; 12: 899761.

	89.	 Law JK, Ahmed A, Singh VK, et al. A systematic 
review of solid-pseudopapillary neoplasms: are 
these rare lesions? Pancreas 2014; 43: 331–337.

	90.	 Mazzarella G, Muttillo EM, Coletta D, et al. 
Solid pseudopapillary tumor of the pancreas: 
a systematic review of clinical, surgical and 
oncological characteristics of 1384 patients 
underwent pancreatic surgery. Hepatobiliary 
Pancreat Dis Int 2024; 23: 331–338.

	91.	 Yao J and Song H. A review of clinicopathological 
characteristics and treatment of solid 
pseudopapillary tumor of the pancreas with 2450 
cases in Chinese population. Biomed Res Int 2020; 
2020: 2829647.

	92.	 Tjaden C, Hassenpflug M, Hinz U, et al. 
Outcome and prognosis after pancreatectomy in 
patients with solid pseudopapillary neoplasms. 
Pancreatology 2019; 19: 699–709.

	93.	 Liu M, Liu J, Hu Q, et al. Management of solid 
pseudopapillary neoplasms of pancreas: a single 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

28	 journals.sagepub.com/home/tam

center experience of 243 consecutive patients. 
Pancreatology 2019; 19: 681–685.

	94.	 Kang CM, Choi SH, Kim SC, et al. Predicting 
recurrence of pancreatic solid pseudopapillary 
tumors after surgical resection: a multicenter 
analysis in Korea. Ann Surg 2014; 260:  
348–355.

	  95.	 Wright MJ, Javed AA, Saunders T, et al. 
Surgical resection of 78 pancreatic solid 
pseudopapillary tumors: a 30-year single 
institutional experience. J Gastrointest Surg 
2020; 24: 874–881.

	  96.	 Hanada K, Kurihara K, Itoi T, et al. 
Clinical and pathological features of solid 
pseudopapillary neoplasms of the pancreas: a 
nationwide multicenter study in Japan. Pancreas 
2018; 47: 1019–1026.

	  97.	 Marchegiani G, Andrianello S, Massignani 
M, et al. Solid pseudopapillary tumors of the 
pancreas: specific pathological features predict 
the likelihood of postoperative recurrence. J 
Surg Oncol 2016; 114: 597–601.

	  98.	 Choi JY, Kim MJ, Kim JH, et al. Solid 
pseudopapillary tumor of the pancreas: 
typical and atypical manifestations. AJR Am J 
Roentgenol 2006; 187: W178–W186.

	  99.	 Klöppel G, Basturk O, Klimstra D, et al. Solid 
pseudopapillary neoplasm of the pancreas. 
In: WHO Classification of Tumours Editorial 
Board (ed.) World Health Organization (WHO) 
classification of digestive system tumours. World 
Health Organization, Lyon (France), 5th ed., 
2019, pp. 340–342.

	100.	 Wang J, Gerrard G, Poskitt B, et al. Targeted 
next generation sequencing of pancreatic solid 
pseudopapillary neoplasms show mutations in 
Wnt signaling pathway genes. Pathol Int 2019; 
69: 193–201.

	101.	 Selenica P, Raj N, Kumar R, et al. Solid 
pseudopapillary neoplasms of the pancreas are 
dependent on the Wnt pathway. Mol Oncol 
2019; 13: 1684–1692.

	102.	 Amato E, Mafficini A, Hirabayashi K, et al. 
Molecular alterations associated with metastases 
of solid pseudopapillary neoplasms of the 
pancreas. J Pathol 2019; 247: 123–134.

	103.	 Rodriguez-Matta E, Hemmerich A, Starr 
J, et al. Molecular genetic changes in solid 
pseudopapillary neoplasms (SPN) of the 
pancreas. Acta Oncol 2020; 59: 1024–1027.

	104.	 Jutric Z, Rozenfeld Y, Grendar J, et al. Analysis 
of 340 patients with solid pseudopapillary 
tumors of the pancreas: a closer look at patients 

with metastatic disease. Ann Surg Oncol 2017; 
24: 2015–2022.

	105.	 Voong KR, Davison J, Pawlik TM, et al. 
Resected pancreatic adenosquamous carcinoma: 
clinicopathologic review and evaluation of 
adjuvant chemotherapy and radiation in 38 
patients. Hum Pathol 2010; 41: 113–122.

	106.	 Kardon DE, Thompson LD, Przygodzki 
RM, et al. Adenosquamous carcinoma of the 
pancreas: a clinicopathologic series of 25 cases. 
Mod Pathol 2001; 14: 443–451.

	107.	 Hue JJ, Katayama E, Sugumar K, et al. The 
importance of multimodal therapy in the 
management of nonmetastatic adenosquamous 
carcinoma of the pancreas: analysis of treatment 
sequence and strategy. Surgery 2021; 169: 
1102–1109.

	108.	 Wild AT, Dholakia AS, Fan KY, et al. Efficacy 
of platinum chemotherapy agents in the 
adjuvant setting for adenosquamous carcinoma 
of the pancreas. J Gastrointest Oncol 2015; 6: 
115–125.

	109.	 Fang Y, Pu N, Zhang L, et al. 
Chemoradiotherapy is associated with improved 
survival for resected pancreatic adenosquamous 
carcinoma: a retrospective cohort study  
from the SEER database. Ann Transl Med 2019; 
7: 522.

	110.	 Altshuler E, Riner AN, Herremans KM, et al. 
Chemotherapy is associated with improved 
survival in a national cohort of stage IV 
pancreatic adenosquamous carcinoma. J 
Gastrointest Oncol 2022; 13: 3207–3215.

	111.	 Strobel O, Hartwig W, Bergmann F, et al. 
Anaplastic pancreatic cancer: presentation, 
surgical management, and outcome. Surgery 
2011; 149: 200–208.

	112.	 Paal E, Thompson LD, Frommelt RA, et al. 
A clinicopathologic and immunohistochemical 
study of 35 anaplastic carcinomas of the 
pancreas with a review of the literature. Ann 
Diagn Pathol 2001; 5: 129–140.

	113.	 Blair AB, Burkhart RA, Griffin JF, et al.  
Long-term survival after resection of 
sarcomatoid carcinoma of the pancreas: an 
updated experience. J Surg Res 2017; 219: 
238–243.

	114.	 Imaoka H, Ikeda M, Maehara K, et al. Clinical 
outcomes of chemotherapy in patients with 
undifferentiated carcinoma of the pancreas: a 
retrospective multicenter cohort study. BMC 
Cancer 2020; 20: 946.

	115.	 Brunetti O, Aprile G, Marchetti P, et al. 
Systemic chemotherapy for advanced rare 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 29

pancreatic histotype tumors: a retrospective 
multicenter analysis. Pancreas 2018; 47: 
759–771.

	116.	 King DA, Rahalkar S, Bingham DB, et al. 
Pancreatic INI1-deficient undifferentiated 
rhabdoid carcinoma achieves complete 
clinical response on gemcitabine and nab-
paclitaxel following immediate progression on 
FOLFIRINOX: a case report. J Gastrointest 
Oncol 2021; 12: 874–879.

	117.	 Wakatsuki T, Irisawa A, Imamura H, et al. 
Complete response of anaplastic pancreatic 
carcinoma to paclitaxel treatment selected by 
chemosensitivity testing. Int J Clin Oncol 2010; 
15: 310–313.

	118.	 Radojkovic M, Ilic D and Ilic I. Primary signet 
ring cell carcinoma of the pancreas with a good 
response to chemotherapy: case report and 
literature review. Tumori 2017; 103(Suppl. 1): 
e50–e52.

	119.	 Ma T, Bai X, Li G, et al. Neoadjuvant 
modified-FOLFIRINOX followed by surgical 
resection of both the primary and metastatic 
tumors of a pancreatic hepatoid carcinoma with 
synchronous liver metastasis: a case report. 
Medicine (Baltimore) 2017; 96: e8413.

	120.	 Matsueda K, Yamamoto H, Yoshida Y, et al. 
Hepatoid carcinoma of the pancreas producing 
protein induced by vitamin K absence or 
antagonist II (PIVKA-II) and alpha-fetoprotein 
(AFP). J Gastroenterol 2006; 41: 1011–1019.

	121.	 Steen S, Wolin E, Geller SA, et al. Primary 
hepatocellular carcinoma (‘hepatoid’ carcinoma) 
of the pancreas: a case report and review of the 
literature. Clin Case Rep 2013; 1: 66–71.

	122.	 Akimoto Y, Kato H, Matsumoto K, et al. 
Pancreatic hepatoid carcinoma mimicking a 
solid pseudopapillary neoplasm: a challenging 
case on endoscopic ultrasound-guided fine-
needle aspiration. Intern Med 2016; 55: 2405–
2411.

	123.	 Petrelli F, Ghilardi M, Colombo S, et al. A 
rare case of metastatic pancreatic hepatoid 
carcinoma treated with sorafenib. J Gastrointest 
Cancer 2012; 43: 97–102.

	124.	 Antonini F, Angelelli L, Rubini C, et al. 
Endoscopic ultrasound diagnosis of a primary 
hepatoid carcinoma of the pancreas. Endoscopy 
2015; 47(Suppl. 1): E367–E368.

	125.	 Anduaga Peña MF, Quiñones Sampedro J, 
Rodriguez Perdomo MDJ, et al. The medullary 
carcinoma of the pancreas. HPB 2018; 20: 
S549–S550.

	126.	 Krvavica A, Ulamec U, Pazanin L, et al. Renal 
metastases of pancreatic medullary carcinoma: a 
case report. J Clin Trals 2012; 2: 1–2.

	127.	 Taïeb J, Sayah L, Heinrich K, et al. Efficacy of 
immune checkpoint inhibitors in microsatellite 
unstable/mismatch repair-deficient advanced 
pancreatic adenocarcinoma: an AGEO 
European Cohort. Eur J Cancer 2023; 188: 
90–97.

	128.	 Coston T, Desai A, Babiker H, et al. Efficacy 
of immune checkpoint inhibition and cytotoxic 
chemotherapy in mismatch repair-deficient and 
microsatellite instability-high pancreatic cancer: 
mayo clinic experience. JCO Precis Oncol 2023; 
7: e2200706.

	129.	 Rousseau B, Bieche I, Pasmant E, et al. PD-1 
blockade in solid tumors with defects in 
polymerase epsilon. Cancer Discov 2022; 12: 
1435–1448.

	130.	 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: 4673–4678.

	131.	 Kitagami H, Kondo S, Hirano S, et al. Acinar 
cell carcinoma of the pancreas: clinical analysis 
of 115 patients from Pancreatic Cancer Registry 
of Japan Pancreas Society. Pancreas 2007; 35: 
42–46.

	132.	 Butturini G, Pisano M, Scarpa A, et al. 
Aggressive approach to acinar cell carcinoma of 
the pancreas: a single-institution experience and 
a literature review. Langenbecks Arch Surg 2011; 
396: 363–369.

	133.	 Hartwig W, Denneberg M, Bergmann F, 
et al. Acinar cell carcinoma of the pancreas: is 
resection justified even in limited metastatic 
disease? Am J Surg 2011; 202: 23–27.

	134.	 Suzuki A, Sakaguchi T, Morita Y, et al. 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.

	135.	 Bellotti R, Paiella S, Primavesi F, et al. 
Treatment characteristics and outcomes of 
pure Acinar cell carcinoma of the pancreas 
– a multicentric European study on radically 
resected patients. HPB (Oxford) 2023; 25: 
1411–1419.

	136.	 Seo S, Yoo C, Kim KP, et al. Clinical outcomes 
of patients with resectable pancreatic acinar cell 
carcinoma. J Dig Dis 2017; 18: 480–486.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

30	 journals.sagepub.com/home/tam

	137.	 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: 522–526.

	138.	 Burchard PR, Chacon AC, Melucci A, et al. 
Defining the role of systemic therapy in 
resectable pancreatic acinar cell carcinoma. J 
Surg Oncol 2022; 125: 856–864.

	139.	 Horowitz DP, Oberstein PE and Gidea-
Addeo D. Use of adjuvant radiation therapy 
in the management of acinar cell carcinoma 
of the pancreas: results from the survival, 
epidemiology, and end results database. Int J 
Radiat Oncol Biol Phys 2014; 90: S366.

	140.	 Xu JY, Guan WL, Lu SX, et al. Optimizing 
chemotherapy of pancreatic acinar cell 
carcinoma: our experiences and pooled analysis 
of literature. Clin Med Insights Oncol 2022; 16: 
11795549221090186.

	141.	 Kruger S, Haas M, Burger PJ, et al. 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.

	142.	 Lee CL, Holter S, Borgida A, et al. Germline 
BRCA2 variants in advanced pancreatic acinar 
cell carcinoma: a case report and review of 
literature. World J Gastroenterol 2022; 28: 
6421–6432.

	143.	 Li M, Mou Y, Hou S, et al. Response of 
germline BRCA2-mutated advanced pancreatic 
acinar cell carcinoma to olaparib: a case report. 
Medicine (Baltimore) 2018; 97: e13113.

	144.	 Hendifar A, Blais EM, Wolpin B, et al. 
Retrospective case series analysis of RAF family 
alterations in pancreatic cancer: real-world 
outcomes from targeted and standard therapies. 
JCO Precis Oncol 2021; 5: PO.20.00494.

	145.	 Bhamidipati D, Yedururi S, Huse J, et al. 
Exceptional responses to selpercatinib in RET 
fusion-driven metastatic pancreatic cancer. JCO 
Precis Oncol 2023; 7: e2300252.

	146.	 Gaule M, Pesoni C, Quinzii A, et al. Exceptional 
clinical response to alectinib in pancreatic acinar 
cell carcinoma with a novel ALK-KANK4 gene 
fusion. JCO Precis Oncol 2022; 6: e2100400.

	147.	 Gupta M, Sherrow C, Krone ME, et al. 
Targeting the NTRK fusion gene in pancreatic 
acinar cell carcinoma: a case report and review 
of the literature. J Natl Compr Canc Netw 2021; 
19: 10–15.

	148.	 Hussain A and Farrukh J. Adult 
pancreatoblastoma: an uncommon pancreatic 
malignancy. Cureus 2023; 15: e48063.

	149.	 Klimstra DS, Wenig BM, Adair CF, et al. 
Pancreatoblastoma. A clinicopathologic study 
and review of the literature. Am J Surg Pathol 
1995; 19: 1371–1389.

	150.	 Berger AK, Mughal SS, Allgäuer M, et al. 
Metastatic adult pancreatoblastoma: multimodal 
treatment and molecular characterization of a very 
rare disease. Pancreatology 2020; 20: 425–432.

	151.	 Morrissey G, Cohen P and Julve M. Rare case 
of adult pancreatoblastoma. BMJ Case Rep 
2020; 13: e233884.

	152.	 Marchegiani G, Andrianello S, Dal Borgo C, 
et al. Adjuvant chemotherapy is associated with 
improved postoperative survival in specific 
subtypes of invasive intraductal papillary 
mucinous neoplasms (IPMN) of the pancreas: 
it is time for randomized controlled data. HPB 
(Oxford) 2019; 21: 596–603.

	153.	 Duconseil P, Périnel J, Autret A, et al. 
Resectable invasive IPMN versus sporadic 
pancreatic adenocarcinoma of the head of the 
pancreas: should these two different diseases 
receive the same treatment? A matched 
comparison study of the French Surgical 
Association (AFC). Eur J Surg Oncol 2017; 43: 
1704–1710.

	154.	 Rodrigues C, Hank T, Qadan M, et al. Impact 
of adjuvant therapy in patients with invasive 
intraductal papillary mucinous neoplasms of the 
pancreas. Pancreatology 2020; 20: 722–728.

	155.	 Mungo B, Croce C, Oba A, et al. Controversial 
role of adjuvant therapy in node-negative 
invasive intraductal papillary mucinous 
neoplasm. Ann Surg Oncol 2021; 28: 1533–
1542.

	156.	 Worni M, Akushevich I, Gloor B, et al. 
Adjuvant radiotherapy in the treatment 
of invasive intraductal papillary mucinous 
neoplasm of the pancreas: an analysis of the 
surveillance, epidemiology, and end results 
registry. Ann Surg Oncol 2012; 19: 1316–1323.

	157.	 Swartz MJ, Hsu CC, Pawlik TM, et al. Adjuvant 
chemoradiotherapy after pancreatic resection for 
invasive carcinoma associated with intraductal 
papillary mucinous neoplasm of the pancreas. 
Int J Radiat Oncol Biol Phys 2010; 76: 839–844.

	158.	 Lucchesi M, Vasile E, Caponi S, et al. 
Chemotherapy for metastatic invasive 
intraductal papillary mucinous neoplasms 
(IPMNs) of the pancreas. J Pancreas 2012; 55: 
S548–S650.

	159.	 Otsuka T, Morizane C, Nara S, et al. 
Gemcitabine in patients with intraductal 
papillary mucinous neoplasm with an associated 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 31

invasive carcinoma of the pancreas. Pancreas 
2013; 42: 889–892.

	160.	 Hashimoto Y, Shimizu S, Watanabe K, et al. 
Association of gemcitabine (GEM) efficacy on 
unresectable invasive pancreatic carcinoma with 
intraductal papillary mucinous neoplasms. J Clin 
Oncol 2015; 33(Suppl. 3): abstr 478.

	161.	 Björk Werner J, Sturesson C, Dawiskiba S, et al. 
Mucinous cystadenocarcinoma of the  
pancreas – outcome following different  
modes of treatment. Ann Gastroenterol 2011; 24: 
213–217.

	162.	 Obayashi K, Ohwada S, Sunose Y, et al. 
[Remarkable effect of gemcitabine-oxaliplatin 
(GEMOX) therapy in a patient with advanced 
metastatic mucinous cystic neoplasm of the 
pancreas]. Gan To Kagaku Ryoho 2008; 35: 
1915–1917.

	163.	 Di Marco M, Vecchiarelli S, Macchini M, et al. 
Preoperative gemcitabine and oxaliplatin in a 
patient with ovarian metastasis from pancreatic 
cystadenocarcinoma. Case Rep Gastroenterol 
2012; 6: 530–537.

	164.	 Shimada K, Iwase K, Aono T, et al. A case 
of advanced mucinous cystadenocarcinoma 
of the pancreas with peritoneal dissemination 
responding to gemcitabine. Gan To Kagaku 
Ryoho 2009; 36: 995–998.

	165.	 Miwa H, Sugimori K, Ishii T, et al. Multiple-
line chemotherapy for a patient with 
unresectable mucinous cystic neoplasm  
of the pancreas. Intern Med 2021; 60:  
2607–2612.

	166.	 Huffman BM, Westin G, Alsidawi S, et al. 
Survival and prognostic factors in patients with 
solid pseudopapillary neoplasms of the pancreas. 
Pancreas 2018; 47: 1003–1007.

	167.	 Fleming AM, Hendrick LE, Yakoub D, et al. 
Malignant solid pseudopapillary neoplasm of 
the pancreas: an orthogonal analysis. Ann Surg 
Oncol 2024; 31: 475–487.

	168.	 Kumar NAN, Bhandare MS, Chaudhari 
V, et al. Analysis of 50 cases of solid 
pseudopapillary tumor of pancreas: aggressive 
surgical resection provides excellent outcomes. 
Eur J Surg Oncol 2019; 45: 187–191.

	169.	 Ichimura K, Uesaka T, Kikuchi H, et al. 
Repeated resection for recurrent metastatic solid 
pseudopapillary neoplasm of the pancreas. Am J 
Case Rep 2021; 22: e934798.

	170.	 Nagem RG. Is watchful waiting an option in 
margin-positive solid pseudopapillary neoplasms 
of the pancreas? J Gastrointest Cancer 2018; 49: 
104–105.

	171.	 Ehemann J and Slater K. Long-term survival 
following resection of a solid pseudopapillary 
tumour of the pancreas with arterial and venous 
encasement. BMJ Case Rep 2022; 15: e245956.

	172.	 Soloni P, Cecchetto G, Dall’igna P, et al. 
Management of unresectable solid papillary 
cystic tumor of the pancreas. A case report and 
literature review. J Pediatr Surg 2010; 45: e1–e6.

	173.	 Jorgensen MS, Velez-Velez LM, Asbun H, et al. 
Everolimus is effective against metastatic solid 
pseudopapillary neoplasm of the pancreas: a 
case report and literature review. JCO Precis 
Oncol 2019; 3: 1–6.

	174.	 Czarnecka AM, Moszczuk B, Korniluk J, 
et al. Chemotherapy of pancreatic solid 
pseudopapillary carcinoma – a case report and a 
literature review. Cancer Treat Commun 2016; 7: 
47–51.

	175.	 Shorter NA, Glick RD, Klimstra DS, et al. 
Malignant pancreatic tumors in childhood and 
adolescence: The Memorial Sloan-Kettering 
experience, 1967 to present. J Pediatr Surg 
2002; 37: 887–892.

	176.	 Sclafani LM, Reuter VE, Coit DG, et al. 
The malignant nature of papillary and cystic 
neoplasm of the pancreas. Cancer 1991; 68: 
153–158.

	177.	 Kornietskaya A, Evdokimova S, Kachmazov 
A, et al. Endocrine therapy for metastatic solid 
pseudopapillary neoplasm of the pancreas: a 
case report. Front Oncol 2022; 12: 970142.

	178.	 Cuglievan B, Subbiah V, Wang H, et al. 
Response to mammalian target of rapamycin-
based therapy and incidental finding of Lynch 
syndrome in a patient with solid pseudopapillary 
neoplasm of the pancreas with AKT1_E17K 
mutation. JCO Precis Oncol 2018; 2: 1–6.

	179.	 Wang X, Zhu D, Bao W, et al. Case 
report: targeted therapy for metastatic solid 
pseudopapillary neoplasm of the pancreas with 
CTNNB1 and PTEN mutations. Front Oncol 
2021; 11: 729151.

	180.	 Niger M, Prisciandaro M, Antista M, et al. 
One size does not fit all for pancreatic cancers: 
a review on rare histologies and therapeutic 
approaches. World J Gastrointest Oncol 2020; 12: 
833–849.

	181.	 Huang Z, Wang J, Zhang R, et al. Pancreatic 
adenosquamous carcinoma: a population level 
analysis of epidemiological trends and prognosis. 
Cancer Med 2023; 12: 9926–9936.

	182.	 Olson MT, Siddiqui MT and Ali SZ. The 
differential diagnosis of squamous cells in 
pancreatic aspirates: from contamination to 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

32	 journals.sagepub.com/home/tam

adenosquamous carcinoma. Acta Cytol 2013; 
57: 139–146.

	183.	 Xiong Q, Zhang Z, Xu Y, et al. Pancreatic 
adenosquamous carcinoma: a rare pathological 
subtype of pancreatic cancer. J Clin Med 2022; 
11: 7401.

	184.	 Hayashi A, Fan J, Chen R, et al. A unifying 
paradigm for transcriptional heterogeneity 
and squamous features in pancreatic ductal 
adenocarcinoma. Nat Cancer 2020; 1: 59–74.

	185.	 Imaoka H, Shimizu Y, Mizuno N, et al. Ring-
enhancement pattern on contrast-enhanced 
CT predicts adenosquamous carcinoma of 
the pancreas: a matched case–control study. 
Pancreatology 2014; 14: 221–226.

	186.	 Schawkat K, Tsai LL, Jaramillo-Cardoso 
A, et al. Use of ring-enhancement and 
focal necrosis to differentiate pancreatic 
adenosquamous carcinoma from pancreatic 
ductal adenocarcinoma on CT and MRI. Clin 
Imaging 2021; 73: 134–138.

	187.	 Bailey P, Chang DK, Nones K, et al. Genomic 
analyses identify molecular subtypes of 
pancreatic cancer. Nature 2016; 531: 47–52.

	188.	 Hoshimoto S, Hoshi N, Hishinuma S, et al. 
Clinical implications of the proliferative ability 
of the squamous component regarding tumor 
progression of adenosquamous carcinoma of 
the pancreas: a preliminary report. Pancreatology 
2017; 17: 788–794.

	189.	 Tanigawa M, Naito Y, Akiba J, et al. PD-
L1 expression in pancreatic adenosquamous 
carcinoma: PD-L1 expression is limited to the 
squamous component. Pathol Res Pract 2018; 
214: 2069–2074.

	190.	 Lee SM and Sung CO. PD-L1 expression and 
surgical outcomes of adenosquamous carcinoma 
of the pancreas in a single-centre study of 56 
lesions. Pancreatology 2021; 21: 920–927.

	191.	 Voutsadakis IA. Mutations of p53 associated 
with pancreatic cancer and therapeutic 
implications. Ann Hepatobiliary Pancreat Surg 
2021; 25: 315–327.

	192.	 Moslim MA, Lefton MD, Ross EA, 
et al. Clinical and histological basis of 
adenosquamous carcinoma of the pancreas: 
a 30-year experience. J Surg Res 2021; 259: 
350–356.

	193.	 Jakubowski C, Lim SJ, Pellatt A, et al. Clinical 
and molecular features of adenosquamous 
pancreatic cancer (ASQ): a distinct histological 
subtype. J Clin Oncol 2021; 39(Suppl. 3):  
abstr 426.

	194.	 Yang B, Ren H and Yu G. Case report: 
squamous cell carcinoma of pancreas with high 
PD-L1 expression: a rare presentation. Front 
Oncol 2021; 11: 680398.

	195.	 Shi Y, Wang X, Wu W, et al. Prognostic  
analysis and influencing serum biomarkers 
of patients with resectable pancreatic 
adenosquamous cancer. Front Oncol 2020; 10: 
611809.

	196.	 Hoshimoto S, Matsui J, Miyata R, et al. 
Anaplastic carcinoma of the pancreas: case 
report and literature review of reported cases in 
Japan. World J Gastroenterol 2016; 22: 8631–
8637.

	197.	 Vinzens S, Zindel J, Zweifel M, et al. 
Granulocyte colony-stimulating factor 
producing anaplastic carcinoma of the pancreas: 
case report and review of the literature. 
Anticancer Res 2017; 37: 223–228.

	198.	 Ishigami K, Nishie A, Yamamoto T, et al. 
Imaging features of undifferentiated carcinoma 
of the pancreas. J Med Imaging Radiat Oncol 
2019; 63: 580–588.

	199.	 Fukukura Y, Kumagae Y, Hirahara M, et al. 
CT and MRI features of undifferentiated 
carcinomas with osteoclast-like giant cells of 
the pancreas: a case series. Abdom Radiol (NY) 
2019; 44: 1246–1255.

	200.	 Ishida K, Yamashita R, Osakabe M, et al. 
Expression of epithelial–mesenchymal 
transition proteins in pancreatic anaplastic 
(undifferentiated) carcinoma. Pancreas 2019; 48: 
36–42.

	201.	 Mattiolo P, Fiadone G, Paolino G, et al. 
Epithelial–mesenchymal transition in 
undifferentiated carcinoma of the pancreas with 
and without osteoclast-like giant cells. Virchows 
Arch 2021; 478: 319–326.

	202.	 Winter JM, Ting AH, Vilardell F, et al. 
Absence of E-cadherin expression distinguishes 
noncohesive from cohesive pancreatic cancer. 
Clin Cancer Res 2008; 14: 412–418.

	203.	 Luchini C, Cros J, Pea A, et al. PD-1, PD-L1, 
and CD163 in pancreatic undifferentiated 
carcinoma with osteoclast-like giant cells: 
expression patterns and clinical implications. 
Hum Pathol 2018; 81: 157–165.

	204.	 Gkountakos A, Mafficini A, Lou E, et al. 
Genomic characterization of undifferentiated 
sarcomatoid carcinoma of the pancreas. Hum 
Pathol 2022; 128: 124–133.

	205.	 Sano M, Homma T, Hayashi E, et al. 
Clinicopathological characteristics of anaplastic 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 33

carcinoma of the pancreas with rhabdoid 
features. Virchows Arch 2014; 465: 531–538.

	206.	 Tessier-Cloutier B, Schaeffer DF, Bacani J, 
et al. Loss of switch/sucrose non-fermenting 
complex protein expression in undifferentiated 
gastrointestinal and pancreatic carcinomas. 
Histopathology 2020; 77: 46–54.

	207.	 Agaimy A, Haller F, Frohnauer J, et al. 
Pancreatic undifferentiated rhabdoid carcinoma: 
KRAS alterations and SMARCB1 expression 
status define two subtypes. Mod Pathol 2015; 
28: 248–260.

	208.	 Faber E, Krause H, Walker P, et al. Genomic 
profiling of rare undifferentiated sarcomatoid 
subtypes of pancreatic carcinomas for potential 
response to immunotherapy. J Clin Oncol 2023; 
41(Suppl. 4): abstr 741.

	209.	 Zhou DK, Gao BQ, Zhang W, et al. 
Sarcomatoid carcinoma of the pancreas: a case 
report. World J Clin Cases 2019; 7: 236–241.

	210.	 Fleming AM, Hendrick LE, Glazer ES, et al. 
Pancreatic carcinosarcoma: an orthogonal 
analysis. Surgery 2023; 174: 907–915.

	211.	 Li J, Wei T, Zhang J, et al. Carcinosarcoma of 
the pancreas: comprehensive clinicopathological 
and molecular characterization. HPB (Oxford) 
2020; 22: 1590–1595.

	212.	 Reid MD, Muraki T, HooKim K, et al. 
Cytologic features and clinical implications  
of undifferentiated carcinoma with osteoclastic 
giant cells of the pancreas: an analysis of  
15 cases. Cancer Cytopathol 2017; 125:  
563–575.

	213.	 Sakai Y, Kupelioglu AA, Yanagisawa A, et al. 
Origin of giant cells in osteoclast-like giant cell 
tumors of the pancreas. Hum Pathol 2000; 31: 
1223–1229.

	214.	 Hrudka J, Lawrie K, Waldauf P, et al. Negative 
prognostic impact of PD-L1 expression in tumor 
cells of undifferentiated (anaplastic) carcinoma 
with osteoclast-like giant cells of the pancreas: 
study of 13 cases comparing ductal pancreatic 
carcinoma and review of the literature. Virchows 
Arch 2020; 477: 687–696.

	215.	 Lehrke HD, Graham RP, McWilliams RR, et al. 
Undifferentiated pancreatic carcinomas display 
enrichment for frequency and extent of PD-L1 
expression by tumor cells. Am J Clin Pathol 
2017; 148: 441–449.

	216.	 Igarashi Y, Gocho T, Taniai T, et al. 
Conversion surgery for undifferentiated 
carcinoma with osteoclast-like giant cells  
of the pancreas: a case report. Surg Case Rep 
2022; 8: 42.

	217.	 Lalonde CS, Wang L, Quigley B, et al. 
Neoadjuvant treatment of pancreatic 
carcinosarcoma: a case report and review of 
literature. Chin Clin Oncol 2022; 11: 8.

	218.	 Lee M, Cho YJ, Jung HS, et al. Collective 
review of pancreatic carcinosarcoma, a very 
rare pancreatic malignancy. Ann Hepatobiliary 
Pancreat Surg 2023; 27: 141–150.

	219.	 Still SA, Becerra CR, Clement-Kruzel SE, 
et al. Locally advanced carcinosarcoma of the 
pancreas. Proc (Bayl Univ Med Cent) 2018; 31: 
210–212.

	220.	 Chan W, Park S, Shirkhoda L, et al. 
Undifferentiated carcinoma of the pancreas with 
osteoclast-like giant cells: a case report. J Med 
Case Rep 2023; 17: 477.

	221.	 Shinagare AB, Ramaiya NH, Bellizzi AM, 
et al. Locally advanced anaplastic pancreatic 
adenocarcinoma with initial response to 
FOLFIRINOX and rapid progression  
after five months. Pancreatology 2012; 12: 
35–38.

	222.	 Obayashi M, Shibasaki Y, Koakutsu T, 
et al. Pancreatic undifferentiated carcinoma 
with osteoclast-like giant cells curatively 
resected after pembrolizumab therapy for lung 
metastases: a case report. BMC Gastroenterol 
2020; 20: 220.

	223.	 Qiu H and Hao CY. Neoadjuvant therapy for 
sarcomatoid carcinoma of the pancreas: a case 
report and review of the literature. J Med Case 
Rep 2023; 17: 293.

	224.	 Besaw RJ, Terra AR, Malvar GL, et al. Durable 
response to PD-1 blockade in a patient with 
metastatic pancreatic undifferentiated carcinoma 
with osteoclast-like giant cells. J Natl Compr 
Canc Netw 2021; 19: 247–252.

	225.	 Imaoka H, Ikeda M, Maehara K, et al. Risk 
stratification and prognostic factors in patients 
with unresectable undifferentiated carcinoma  
of the pancreas. Pancreatology 2021; 21: 
738–745.

	226.	 Campbell DJ, Isch EL, Kozak GM, et al. 
Primary pancreatic signet ring cell carcinoma: 
a case report and review of the literature. J 
Pancreat Cancer 2021; 7: 1–7.

	227.	 Nauta S, Knoester I, van Zanten M, et al. A 
patient with signet ring cell carcinoma of the 
pancreas with a prolonged course: a case report. 
J Pancreas 2016; 17: 313–315.

	228.	 Nakamura M, Inagaki F, Takemura N, et al. 
Multivisceral resection for primary pancreatic 
signet ring cell carcinoma. Clin J Gastroenterol 
2023; 16: 482–487.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

34	 journals.sagepub.com/home/tam

	229.	 Caranti A, Budini M, Mangano M, et al. 
Primary signet ring cell carcinoma of the 
pancreas: a case report about an extremely rare 
variant of pancreatic carcinoma. Ann Ital Chir 
2020; 9: S2239253X2003443X.

	230.	 Yepuri N, Naous R, Richards C, et al. Poorly 
differentiated signet ring cell carcinoma of 
pancreas masquerading as chronic pancreatitis. 
J Surg Case Rep 2018; 2018: rjy218.

	231.	 Terada T. Primary signet-ring cell carcinoma 
of the pancreas diagnosed by endoscopic 
retrograde pancreatic duct biopsy: a case report 
with an immunohistochemical study. Endoscopy 
2012; 44(Suppl. 2): E141–E142.

	232.	 Alexander D, Rashid L, Hollis M, et al. Primary 
signet ring cell carcinoma of the pancreatic 
head: a case report. Clin Case Rep 2019; 7: 
2235–2238.

	233.	 Schawkat K, Manning MA, Glickman JN, 
et al. Pancreatic ductal adenocarcinoma and its 
variants: pearls and perils. Radiographics 2020; 
40: 1219–1239.

	234.	 Dondi F, Albano D, Giubbini R, et al. 18F-FDG 
PET and PET/CT for the evaluation of gastric 
signet ring cell carcinoma: a systematic review. 
Nucl Med Commun 2021; 42: 1293–1300.

	235.	 El Hussein S and Khader SN. Primary 
signet ring cell carcinoma of the pancreas: 
cytopathology review of a rare entity. Diagn 
Cytopathol 2019; 47: 1314–1320.

	236.	 Puccini A, Poorman K, Catalano F, et al. 
Molecular profiling of signet-ring-cell carcinoma 
(SRCC) from the stomach and colon reveals 
potential new therapeutic targets. Oncogene 
2022; 41: 3455–3460.

	237.	 Li H, Zong Z, Zhou T, et al. Trends of 
incidence and survival in patients with 
gastroenteropancreatic signet ring cell 
carcinoma: an analysis from the Surveillance, 
Epidemiology, and End Results program. J 
Gastrointest Oncol 2019; 10: 979–988.

	238.	 Marchegiani G, Gareer H, Parisi A, et al. 
Pancreatic hepatoid carcinoma: a review of the 
literature. Dig Surg 2013; 30: 425–433.

	239.	 Li M, Mei YX, Wen JH, et al. Hepatoid 
adenocarcinoma – clinicopathological features 
and molecular characteristics. Cancer Lett 2023; 
559: 216104.

	240.	 Hruban RH, Molina JM, Reddy MN, et al. A 
neoplasm with pancreatic and hepatocellular 
differentiation presenting with subcutaneous  
fat necrosis. Am J Clin Pathol 1987; 88:  
639–645.

	241.	 Cingolani N, Shaco-Levy R, Farruggio A, et al. 
Alpha-fetoprotein production by pancreatic 
tumors exhibiting acinar cell differentiation: 
study of five cases, one arising in a mediastinal 
teratoma. Hum Pathol 2000; 31: 938–944.

	242.	 Kawamoto S, Hiraoka T, Kanemitsu K, 
et al. Alpha-fetoprotein-producing pancreatic 
cancer – a case report and review of 28 cases. 
Hepatogastroenterology 1992; 39: 282–286.

	243.	 Vanoli A, Argenti F, Vinci A, et al. Hepatoid 
carcinoma of the pancreas with lymphoid 
stroma: first description of the clinical, 
morphological, immunohistochemical, and 
molecular characteristics of an unusual 
pancreatic carcinoma. Virchows Arch 2015; 467: 
237–245.

	244.	 Lawlor RT, Mafficini A, Sciammarella C, et al. 
Genomic characterization of hepatoid tumors: 
context matters. Hum Pathol 2021; 118: 30–41.

	245.	 Xin BB, Li JA, Han X, et al. Successful 
treatment of a case with pancreatic 
neuroendocrine carcinoma with focal hepatoid 
differentiation: a case report and literature 
review. Int J Clin Exp Med 2014; 7: 3588–3594.

	246.	 Kelly PJ, Spence R, Dasari BV, et al. Primary 
hepatocellular carcinoma of the pancreas: a case 
report and review of the heterogeneous group of 
pancreatic hepatoid carcinomas. Histopathology 
2012; 60: 1012–1015.

	247.	 Trinh HS, Luong TH, Lai TT, et al. Mixed 
pancreatic hepatoid carcinoma: a surgical case 
report and literature review. Int J Surg Case Rep 
2021; 83: 105951.

	248.	 Hameed O, Xu H, Saddeghi S, et al. Hepatoid 
carcinoma of the pancreas: a case report and 
literature review of a heterogeneous group of 
tumors. Am J Surg Pathol 2007; 31: 146–152.

	249.	 Shyr YM. Hepatoid carcinoma of the pancreas. 
HPB 2021; 23: S260.

	250.	 Wei D, Xu B, Zhu H, et al. Extended 
pancreatoduodenectomy with portal vein and 
inferior vena cava resection and reconstruction 
combined with sorafenib for hepatoid carcinoma 
of the pancreas: a strategy of superextended 
surgery combined with targeted therapy. 
Hepatobiliary Surg Nutr 2023; 12: 637–640.

	251.	 Majumder S and Dasanu C. Hepatoid variant of 
pancreatic cancer: insights from a case  
and literature review. J Pancreas 2013; 14: 
442–445.

	252.	 Pellini Ferreira B, Vasquez J and Carilli A. 
Metastatic hepatoid carcinoma of the pancreas: 
first description of treatment with capecitabine 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 35

and temozolomide. Am J Med Sci 2017; 353: 
610–612.

	253.	 Yang T-W and Kao H-F. Primary pancreatic 
hepatoid carcinoma: a case report and literature 
review. J Cancer Res Pract 2023; 10: 113–117.

	254.	 Banville N, Geraghty R, Fox E, et al. Medullary 
carcinoma of the pancreas in a man with 
hereditary nonpolyposis colorectal cancer due to 
a mutation of the MSH2 mismatch repair gene. 
Hum Pathol 2006; 37: 1498–1502.

	255.	 Kryklyva V, Ter Linden E, Kroeze LI, et al. 
Medullary pancreatic carcinoma due to somatic 
POLE mutation: a distinctive pancreatic 
carcinoma with marked long-term survival. 
Pancreas 2020; 49: 999–1003.

	256.	 von den Driesch J, Flöttmann J, Prall F, et al. 
HROP68: a rare case of medullary pancreatic 
cancer-characterization and chemosensitivity 
of the first patient-derived cell line. Front Oncol 
2022; 12: 1082927.

	257.	 Goggins M, Offerhaus GJ, Hilgers W, et al. 
Pancreatic adenocarcinomas with DNA 
replication errors (RER+) are associated 
with wild-type K-ras and characteristic 
histopathology. Poor differentiation, a syncytial 
growth pattern, and pushing borders suggest 
RER+. Am J Pathol 1998; 152: 1501–1507.

	258.	 Klimstra DS and Adsay V. Acinar neoplasms of 
the pancreas – a summary of 25 years of research. 
Semin Diagn Pathol 2016; 33: 307–318.

	259.	 Duorui N, Shi B, Zhang T, et al. The 
contemporary trend in worsening prognosis of 
pancreatic acinar cell carcinoma: a population-
based study. PLoS One 2020; 15: e0243164.

	260.	 Jäkel 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: 1323.

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

	262.	 Seth AK, Argani P, Campbell KA, et al. 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.

	263.	 Takahashi H, Ikeda M, Shiba S, 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.

	264.	 Toll AD, Hruban RH and Ali SZ. Acinar 
cell carcinoma of the pancreas: clinical and 
cytomorphologic characteristics. Korean J Pathol 
2013; 47: 93–99.

	265.	 Calimano-Ramirez LF, Daoud T, Gopireddy 
DR, et al. Pancreatic acinar cell carcinoma: a 
comprehensive review. World J Gastroenterol 
2022; 28: 5827–5844.

	266.	 Tian L, Lv XF, Dong J, et al. Clinical features 
and CT/MRI findings of pancreatic acinar cell 
carcinoma. Int J Clin Exp Med 2015; 8: 14846–
14854.

	267.	 La Rosa S, Franzi F, Marchet S, et al. The 
monoclonal anti-BCL10 antibody (clone 331.1) 
is a sensitive and specific marker of pancreatic 
acinar cell carcinoma and pancreatic metaplasia. 
Virchows Arch 2009; 454: 133–142.

	268.	 Askan G, Deshpande V, Klimstra DS, et al. 
Expression of markers of hepatocellular 
differentiation in pancreatic acinar cell 
neoplasms: a potential diagnostic pitfall. Am J 
Clin Pathol 2016; 146: 163–169.

	269.	 Florou V, Elliott A, Bailey MH, et al. 
Comparative genomic analysis of pancreatic 
acinar cell carcinoma (PACC) and pancreatic 
ductal adenocarcinoma (PDAC) unveils new 
actionable genomic aberrations in PACC. Clin 
Cancer Res 2023; 29: 3408–3417.

	270.	 Jiao Y, Yonescu R, Offerhaus GJ, et al. Whole-
exome sequencing of pancreatic neoplasms 
with acinar differentiation. J Pathol 2014; 232: 
428–435.

	271.	 Furlan D, Sahnane N, Bernasconi B, et al. 
APC alterations are frequently involved in 
the pathogenesis of acinar cell carcinoma of 
the pancreas, mainly through gene loss and 
promoter hypermethylation. Virchows Arch 
2014; 464: 553–564.

	272.	 Furukawa T, Sakamoto H, Takeuchi S, et al. 
Whole exome sequencing reveals recurrent 
mutations in BRCA2 and FAT genes in acinar 
cell carcinomas of the pancreas. Sci Rep 2015; 5: 
8829.

	273.	 Quintanilha JCF, Storandt MH, Graf RP, et al. 
Tumor mutational burden in real-world patients 
with pancreatic cancer: genomic alterations 
and predictive value for immune checkpoint 
inhibitor effectiveness. JCO Precis Oncol 2023; 7: 
e2300092.

	274.	 Liu W, Shia J, Gönen M, et al. DNA mismatch 
repair abnormalities in acinar cell carcinoma of 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

36	 journals.sagepub.com/home/tam

the pancreas: frequency and clinical significance. 
Pancreas 2014; 43: 1264–1270.

	275.	 Bergmann F, Aulmann S, Sipos B, et al. Acinar 
cell carcinomas of the pancreas: a molecular 
analysis in a series of 57 cases. Virchows Arch 
2014; 465: 661–672.

	276.	 de Wilde RF, Ottenhof NA, Jansen M, 
et al. Analysis of LKB1 mutations and other 
molecular alterations in pancreatic acinar cell 
carcinoma. Mod Pathol 2011; 24: 1229–1236.

	277.	 Sargent DJ, Marsoni S, Monges G, et al. 
Defective mismatch repair as a predictive 
marker for lack of efficacy of fluorouracil-based 
adjuvant therapy in colon cancer. J Clin Oncol 
2010; 28: 3219–3226.

	278.	 Choi YY, Kim H, Shin SJ, et al. Microsatellite 
instability and programmed cell death-ligand 1 
expression in stage II/III gastric cancer: post hoc 
analysis of the CLASSIC randomized controlled 
study. Ann Surg 2019; 270: 309–316.

	279.	 de Jesus VHF and Riechelmann RP. Current 
treatment of potentially resectable pancreatic 
ductal adenocarcinoma: a medical oncologist’s 
perspective. Cancer Control 2023; 30: 
10732748231173212.

	280.	 Yoo C, Kim BJ, Kim KP, et al. 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.

	281.	 Zhao F, Yang D, Xu T, et al. New treatment 
insights into pancreatic acinar cell carcinoma: 
case report and literature review. Front Oncol 
2023; 13: 1210064.

	282.	 Sunami T, Yamada A, Kondo T, et al. 
Exceptional response of pancreatic acinar cell 
carcinoma and bile duct cancer to platinum-
based chemotherapy in a family with a germline 
BRCA2 variant. Pancreas 2022; 51: 1258–1262.

	283.	 Busch E, Kreutzfeldt S, Agaimy A, et al. 
Successful BRAF/MEK inhibition in a patient 
with BRAF(V600E)-mutated extrapancreatic 
acinar cell carcinoma. Cold Spring Harb Mol 
Case Stud 2020; 6: a005553.

	284.	 Shah S, Rana T, Kancharla P, et al. Targeted 
therapy for BRAF V600E positive pancreatic 
adenocarcinoma: two case reports. Cancer 
Genom Proteom 2023; 20: 398–403.

	285.	 Cramer S, Marcus MA, Ramkissoon S, et al. 
Pediatric BRAF (V600E)-mutated pancreatic 
acinar cell carcinoma with complete and durable 
response to dabrafenib and trametinib. JCO 
Precis Oncol 2020; 4: 801–805.

	286.	 Chakrabarti S, Bucheit L, Starr JS, et al. 
Detection of microsatellite instability-high 
(MSI-H) by liquid biopsy predicts robust and 
durable response to immunotherapy in patients 
with pancreatic cancer. J Immunother Cancer 
2022; 10: e004485.

	287.	 Xu H, Wang X, Zhou S, et al. Efficacy of 
chemotherapy combined with toripalimab 
in PD-L1-positive and high tumor mutation 
burden pancreatic acinar cell carcinoma: case 
report. Tumori 2021; 107: NP24-NP27.

	288.	 Ohike N, Kosmahl M and Klöppel G. Mixed 
acinar-endocrine carcinoma of the pancreas. A 
clinicopathological study and comparison with 
acinar-cell carcinoma. Virchows Arch 2004; 445: 
231–235.

	289.	 La Rosa S, Adsay V, Albarello L, et al. 
Clinicopathologic study of 62 acinar cell 
carcinomas of the pancreas: insights into the 
morphology and immunophenotype and search 
for prognostic markers. Am J Surg Pathol 2012; 
36: 1782–1795.

	290.	 La Rosa S, Bernasconi B, Frattini M, et al. 
TP53 alterations in pancreatic acinar cell 
carcinoma: new insights into the molecular 
pathology of this rare cancer. Virchows Arch 
2016; 468: 289–296.

	291.	 Shin SH, Hwang HK, Jang JY, et al. Clinical 
characteristics of resected acinar cell carcinoma 
of the pancreas: a Korean multi-institutional 
study. Cancers (Basel) 2021; 13: 5095.

	292.	 Reid MD, Bhattarai S, Graham RP, et al. 
Pancreatoblastoma: cytologic and histologic 
analysis of 12 adult cases reveals helpful criteria 
in their diagnosis and distinction from common 
mimics. Cancer Cytopathol 2019; 127: 708–719.

	293.	 Li J, Peng C, Fan X, et al. Adult 
pancreatoblastoma: a case report. J Int Med Res 
2021; 49: 3000605211039565.

	294.	 Remo A, Negro S, Bao RQ, et al. Association 
between pancreatoblastoma and familial 
adenomatous polyposis: review of the literature 
with an additional case. Genes (Basel) 2023; 15: 
44.

	295.	 Zhang X, Ni SJ, Wang XH, et al. Adult 
pancreatoblastoma: clinical features and imaging 
findings. Sci Rep 2020; 10: 11285.

	296.	 Wu M, Lin J, Liu Z, et al. CT, MRI, and (18)
F-FDG PET/CT imaging features of seven 
cases of adult pancreatoblastoma. BMC Med 
Imaging 2022; 22: 228.

	297.	 Ohike N and Morohoshi T. Exocrine pancreatic 
neoplasms of nonductal origin: acinar cell 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 37

carcinoma, pancreatoblastoma, and solid-
pseudopapillary neoplasm. Surg Pathol Clin 
2011; 4: 579–588.

	298.	 Becker WF. Pancreatoduodenectomy for 
carcinoma of the pancreas in an infant; report of 
a case. Ann Surg 1957; 145: 864–870.

	299.	 Tanaka Y, Ijiri R, Yamanaka S, et al. 
Pancreatoblastoma: optically clear nuclei in 
squamoid corpuscles are rich in biotin. Mod 
Pathol 1998; 11: 945–949.

	300.	 Isobe T, Seki M, Yoshida K, et al. Integrated 
molecular characterization of the lethal pediatric 
cancer pancreatoblastoma. Cancer Res 2018; 78: 
865–876.

	301.	 Abraham SC, Wu TT, Klimstra DS, et al. 
Distinctive molecular genetic alterations in 
sporadic and familial adenomatous polyposis-
associated pancreatoblastomas: frequent 
alterations in the APC/beta-catenin pathway 
and chromosome 11p. Am J Pathol 2001; 159: 
1619–1627.

	302.	 Chou A, Sioson L, Sheen A, et al. Up-regulation 
of ALK is associated with altered Wnt/beta-
catenin pathway in adult pancreatoblastoma. 
Pathology 2023; 55: 129–133.

	303.	 Reissig TM, Uhrig S, Jost PJ, et al. MCL1 as 
putative target in pancreatoblastoma. Virchows 
Arch 2022; 481: 265–272.

	304.	 Bien E, Roganovic J, Krawczyk MA, et al. 
Pancreatoblastoma in children: EXPeRT/
PARTNER diagnostic and therapeutic 
recommendations. Pediatr Blood Cancer 2021; 
68(Suppl. 4): e29112.

	305.	 Bien E, Godzinski J, Dall’igna P, et al. 
Pancreatoblastoma: a report from the European 
cooperative study group for paediatric rare 
tumours (EXPeRT). Eur J Cancer 2011; 47: 
2347–2352.

	306.	 Benoist S, Penna C, Julié C, et al. Prolonged 
survival after resection of pancreatoblastoma 
and synchronous liver metastases in an adult. 
Hepatogastroenterology 2001; 48: 1340–1342.

	307.	 Rojas A, Wodskow J and Hogg ME. Adult 
pancreatoblastoma: a rare pancreatic tumor. J 
Gastrointest Surg 2023; 27: 3102–3104.

	308.	 Elghawy O, Wang JS, Whitehair RM, 
et al. Successful treatment of metastatic 
pancreatoblastoma in an adult with autologous 
hematopoietic cell transplant. Pancreatology 
2021; 21: 188–191.

	309.	 Romutis S and Brand R. Burden of new 
pancreatic cyst diagnosis. Gastrointest Endosc 
Clin N Am 2023; 33: 487–495.

	310.	 Valsangkar NP, Morales-Oyarvide V, Thayer 
SP, et al. 851 resected cystic tumors of 
the pancreas: a 33-year experience at the 
Massachusetts General Hospital. Surgery 2012; 
152(Suppl. 1): S4–S12.

	311.	 Basturk O, Esposito I, Fukushima N, et al. 
Pancreatic intraductal papillary mucinous 
neoplasm. In: WHO Classification of Tumours 
Editorial Board (ed.) World Health Organization 
(WHO) classification of digestive system tumours. 
World Health Organization, Lyon (France), 5th 
ed., 2019, pp. 310–314.

	312.	 Klibansky DA, Reid-Lombardo KM, Gordon 
SR, et al. The clinical relevance of the increasing 
incidence of intraductal papillary mucinous 
neoplasm. Clin Gastroenterol Hepatol 2012; 10: 
555–558.

	313.	 Shi C and Hruban RH. Intraductal papillary 
mucinous neoplasm. Hum Pathol 2012; 43: 
1–16.

	314.	 Hirono S, Kawai M, Okada KI, et al. Factors 
associated with invasive intraductal papillary 
mucinous carcinoma of the pancreas. JAMA 
Surg 2017; 152: e165054.

	315.	 Lubezky N, Ben-Haim M, Nakache R, et al. 
Clinical presentation can predict disease course 
in patients with intraductal papillary mucinous 
neoplasm of the pancreas. World J Surg 2010; 
34: 126–132.

	316.	 Salvia R, Fernández-del Castillo C, Bassi C, 
et al. Main-duct intraductal papillary mucinous 
neoplasms of the pancreas: clinical predictors 
of malignancy and long-term survival following 
resection. Ann Surg 2004; 239: 678–685.

	317.	 Moriya T, Hashimoto Y and Traverso LW. The 
duration of symptoms predicts the presence of 
malignancy in 210 resected cases of pancreatic 
intraductal papillary mucinous neoplasms. J 
Gastrointest Surg 2011; 15: 762–770.

	318.	 Kawakami Y, Koshita S, Kanno Y, et al. 
Pancreatic ductal adenocarcinomas concomitant 
with intraductal papillary mucinous neoplasms 
of the pancreas: a investigation of those 
clinicopathological features by analyzing  
48 patients who underwent surgery for  
those lesions. Pancreatology 2023; 23:  
674–681.

	319.	 Wood LD, Adsay NV, Basturk O, et al. 
Systematic review of challenging issues in 
pathology of intraductal papillary mucinous 
neoplasms. Pancreatology 2023; 23: 878–891.

	320.	 Yamaguchi K, Kanemitsu S, Hatori T, et al. 
Pancreatic ductal adenocarcinoma derived from 
IPMN and pancreatic ductal adenocarcinoma 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

38	 journals.sagepub.com/home/tam

concomitant with IPMN. Pancreas 2011; 40: 
571–580.

	321.	 Kawada N, Uehara H, Nagata S, et al. Imaging 
morphological changes of intraductal papillary 
mucinous neoplasm of the pancreas was 
associated with its malignant transformation 
but not with development of pancreatic ductal 
adenocarcinoma. Pancreatology 2015; 15: 
654–660.

	322.	 Adsay NV, Merati K, Andea A, et al. The 
dichotomy in the preinvasive neoplasia to invasive 
carcinoma sequence in the pancreas: differential 
expression of MUC1 and MUC2 supports 
the existence of two separate pathways of 
carcinogenesis. Mod Pathol 2002; 15: 1087–1095.

	323.	 Basturk O, Khayyata S, Klimstra DS, 
et al. Preferential expression of MUC6 in 
oncocytic and pancreatobiliary types of 
intraductal papillary neoplasms highlights a 
pyloropancreatic pathway, distinct from the 
intestinal pathway, in pancreatic carcinogenesis. 
Am J Surg Pathol 2010; 34: 364–370.

	324.	 Terada T, Ohta T and Nakanuma Y. 
Expression of oncogene products, anti-oncogene 
products and oncofetal antigens in intraductal 
papillary-mucinous neoplasm of the pancreas. 
Histopathology 1996; 29: 355–361.

	325.	 Noë M, Niknafs N, Fischer CG, et al. Genomic 
characterization of malignant progression in 
neoplastic pancreatic cysts. Nat Commun 2020; 
11: 4085.

	326.	 Tan MC, Basturk O, Brannon AR, et al. 
GNAS and KRAS mutations define separate 
progression pathways in intraductal papillary 
mucinous neoplasm-associated carcinoma. J Am 
Coll Surg 2015; 220: 845–854.e1.

	327.	 Kuboki Y, Shimizu K, Hatori T, et al. 
Molecular biomarkers for progression of 
intraductal papillary mucinous neoplasm of the 
pancreas. Pancreas 2015; 44: 227–235.

	328.	 Fujikura K, Hosoda W, Felsenstein M, et al. 
Multiregion whole-exome sequencing of 
intraductal papillary mucinous neoplasms 
reveals frequent somatic KLF4 mutations 
predominantly in low-grade regions. Gut 2021; 
70: 928–939.

	329.	 Lupinacci RM, Goloudina A, Buhard O, 
et al. Prevalence of microsatellite instability in 
intraductal papillary mucinous neoplasms of the 
pancreas. Gastroenterology 2018; 154: 1061–
1065.

	330.	 Choi M, Chong JU, Hwang HK, et al. Role 
of postoperative adjuvant therapy in resected 
invasive intraductal papillary mucinous 

neoplasm of the pancreas: a multicenter external 
validation. J Hepatobiliary Pancreat Sci 2021; 28: 
671–679.

	331.	 Choi M, Wang SE, Park JS, et al. Impact of 
adjuvant therapy in patients with invasive 
intraductal papillary mucinous neoplasms of the 
pancreas: an international multicenter cohort 
study. Int J Surg 2023; 109: 2906–2913.

	332.	 Caponi S, Vasile E, Funel N, et al. Adjuvant 
chemotherapy seems beneficial for invasive 
intraductal papillary mucinous neoplasms. Eur J 
Surg Oncol 2013; 39: 396–403.

	333.	 Hughes DL, Hughes I and Silva MA. 
Determining the role of adjuvant therapy 
in invasive intraductal papillary mucinous 
neoplasms; a systematic review and meta-
analysis. Eur J Surg Oncol 2022; 48: 1567–1575.

	334.	 Capretti G, Nebbia M, Gavazzi F, et al. 
Invasive IPMN relapse later and more often 
in lungs in comparison to pancreatic ductal 
adenocarcinoma. Pancreatology 2022; 22: 
782–788.

	335.	 Habib JR, Kinny-Köster B, Amini N, et al. 
Predictors, patterns, and timing of recurrence 
provide insight into the disease biology of 
invasive carcinomas arising in association with 
intraductal papillary mucinous neoplasms. J 
Gastrointest Surg 2022; 26: 2311–2320.

	336.	 Conroy T, Desseigne F, Ychou M, et al. 
FOLFIRINOX versus gemcitabine for metastatic 
pancreatic cancer. N Engl J Med 2011; 364: 
1817–1825.

	337.	 Von Hoff DD, Ervin T, Arena FP, et al. 
Increased survival in pancreatic cancer with nab-
paclitaxel plus gemcitabine. N Engl J Med 2013; 
369: 1691–1703.

	338.	 Yamada S, Fujii T, Hirakawa A, et al. 
Comparison of the survival outcomes of 
pancreatic cancer and intraductal papillary 
mucinous neoplasms. Pancreas 2018; 47: 
974–979.

	339.	 Zhou C, Liu Z, Zhou Y, et al. Prognostic 
analysis of different metastatic patterns in 
invasive intraductal papillary mucinous 
neoplasm: a surveillance, epidemiology, and end 
results database analysis. Can J Gastroenterol 
Hepatol 2021; 2021: 4350417.

	340.	 Miller FH, Lopes Vendrami C, Recht HS, 
et al. Pancreatic cystic lesions and malignancy: 
assessment, guidelines, and the field defect. 
Radiographics 2022; 42: 87–105.

	341.	 Jang KT, Park SM, Basturk O, et al. 
Clinicopathologic characteristics of 29 invasive 
carcinomas arising in 178 pancreatic mucinous 

https://journals.sagepub.com/home/tam


VHF de Jesus, MDS Donadio et al.

journals.sagepub.com/home/tam	 39

cystic neoplasms with ovarian-type stroma: 
implications for management and prognosis. Am 
J Surg Pathol 2015; 39: 179–187.

	342.	 Tanaka M, Chari S, Adsay V, et al. International 
consensus guidelines for management of 
intraductal papillary mucinous neoplasms and 
mucinous cystic neoplasms of the pancreas. 
Pancreatology 2006; 6: 17–32.

	343.	 Sarr MG, Carpenter HA, Prabhakar LP, 
et al. Clinical and pathologic correlation of 84 
mucinous cystic neoplasms of the pancreas: can 
one reliably differentiate benign from malignant 
(or premalignant) neoplasms? Ann Surg 2000; 
231: 205–212.

	344.	 Fukushima N and Fukayama M. Mucinous 
cystic neoplasms of the pancreas: pathology and 
molecular genetics. J Hepatobiliary Pancreat Surg 
2007; 14: 238–242.

	345.	 Sessa F, Bonato M, Frigerio B, et al. Ductal 
cancers of the pancreas frequently express 
markers of gastrointestinal epithelial cells. 
Gastroenterology 1990; 98: 1655–1665.

	346.	 Ishida K, Sasano H, Moriya T, et al. 
Immunohistochemical analysis of steroidogenic 
enzymes in ovarian-type stroma of pancreatic 
mucinous cystic neoplasms: comparative study 
of subepithelial stromal cells in intraductal 
papillary mucinous neoplasms of the pancreas. 
Pathol Int 2016; 66: 281–287.

	347.	 Iacobuzio-Donahue CA, Wilentz RE, Argani 
P, et al. Dpc4 protein in mucinous cystic 
neoplasms of the pancreas: frequent loss of 
expression in invasive carcinomas suggests a role 
in genetic progression. Am J Surg Pathol 2000; 
24: 1544–1548.

	348.	 European Study Group on Cystic Tumours 
of the Pancreas. European evidence-based 
guidelines on pancreatic cystic neoplasms. Gut 
2018; 67: 789–804.

	349.	 Postlewait LM, Ethun CG, McInnis MR, 
et al. Association of preoperative risk factors 
with malignancy in pancreatic mucinous cystic 
neoplasms: a multicenter study. JAMA Surg 
2017; 152: 19–25.

	350.	 Höhn P, Soydemir MA, Luu AM, et al. It’s not 
all about the size-characteristics and risk factors 
for malignancy of mucinous cystic neoplasms of 
the pancreas. Ann Transl Med 2020; 8: 1572.

	351.	 Crippa S, Salvia R, Warshaw AL, et al. 
Mucinous cystic neoplasm of the pancreas is not 
an aggressive entity: lessons from 163 resected 
patients. Ann Surg 2008; 247: 571–579.

	352.	 Yokoyama T, Makino H, Hirakata A, et al. 
Conversion surgery for metastatic pancreatic 

mucinous carcinoma responsive to systemic 
chemotherapy with modified FOLFIRINOX: 
a case report. J Nippon Med Sch 2019; 86: 
284–290.

	353.	 Reddy S, Cameron JL, Scudiere J, et al. Surgical 
management of solid-pseudopapillary neoplasms 
of the pancreas (Franz or Hamoudi tumors): a 
large single-institutional series. J Am Coll Surg 
2009; 208: 950–957.

	354.	 Veron Sanchez A, Santamaria Guinea N, Cayon 
Somacarrera S, et al. Rare solid pancreatic 
lesions on cross-sectional imaging. Diagnostics 
(Basel) 2023; 13: 2719.

	355.	 Schlitter AM, Konukiewitz B, Kleeff J, et al. 
[Recurrent duodenal ulcer bleeding as the 
first manifestation of a solid pseudopapillary 
neoplasm of the pancreas with hepatic 
metastases]. Dtsch Med Wochenschr 2013; 138: 
1050–1053.

	356.	 Tang LH, Aydin H, Brennan MF, et al. 
Clinically aggressive solid pseudopapillary 
tumors of the pancreas: a report of two cases 
with components of undifferentiated carcinoma 
and a comparative clinicopathologic analysis of 
34 conventional cases. Am J Surg Pathol 2005; 
29: 512–519.

	357.	 Nguyen NQ, Johns AL, Gill AJ, et al. Clinical 
and immunohistochemical features of 34 solid 
pseudopapillary tumors of the pancreas. J 
Gastroenterol Hepatol 2011; 26: 267–274.

	358.	 Cao D, Antonescu C, Wong G, et al. Positive 
immunohistochemical staining of KIT in solid-
pseudopapillary neoplasms of the pancreas is 
not associated with KIT/PDGFRA mutations. 
Mod Pathol 2006; 19: 1157–1163.

	359.	 Tiemann K, Heitling U, Kosmahl M, et al. Solid 
pseudopapillary neoplasms of the pancreas show 
an interruption of the Wnt-signaling pathway 
and express gene products of 11q. Mod Pathol 
2007; 20: 955–960.

	360.	 Müller-Höcker J, Zietz CH and Sendelhofert A. 
Deregulated expression of cell cycle-associated 
proteins in solid pseudopapillary tumor of the 
pancreas. Mod Pathol 2001; 14: 47–53.

	361.	 Honda S, Yamaguchi H, Aimono E, et al.  
High-grade solid pseudopapillary neoplasms 
of the pancreas: distinct clinicopathological 
malignant features with intriguing gene 
alterations through a comparison with the 
conventional type. Am J Surg Pathol 2024; 48: 
353–363.

	362.	 Covelli C, Parente P, Pepe F, et al. Mismatch 
repair proteins and microsatellite instability in 
solid pseudopapillary neoplasm of the pancreas. 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

40	 journals.sagepub.com/home/tam

Hepatobiliary Pancreat Dis Int 2019; 18:  
491–492.

	363.	 Reddy SHS, Zen Y, Aluvihare V, et al. Liver 
transplantation for metastases from solid 
pseudopapillary tumor of the pancreas: a case 
report and review of literature. Transplant Direct 
2022; 8: e1328.

	364.	 Wójciak M, Gozdowska J, Pacholczyk M, et al. 
Liver transplantation for a metastatic pancreatic 
solid-pseudopapillary tumor (Frantz Tumor): a 
case report. Ann Transplant 2018; 23: 520–523.

	365.	 Sznajder Granat R, Romano A, Villard C, et al. 
Liver transplantation for liver metastasis of a 
pseudopapillary pancreatic neoplasm in a male 
patient. Am J Case Rep 2023; 24: e938678.

	366.	 Tanoue K, Mataki Y, Kurahara H, et al. 
Multidisciplinary treatment of advanced or 
recurrent solid pseudopapillary neoplasm of 
the pancreas: three case reports. Surg Case Rep 
2022; 8: 7.

	367.	 Standring O, Benitez Sanchez S, Pasha S, et al. 
Potential role for observation in small solid 
pseudopapillary neoplasm (SPN). Ann Surg 
Oncol 2023; 30: 5105–5112.

	368.	 Wang X, Chen YH, Tan CL, et al. Enucleation 
of pancreatic solid pseudopapillary neoplasm: 
short-term and long-term outcomes from a 
7-year large single-center experience. Eur J Surg 
Oncol 2018; 44: 644–650.

	369.	 Wang R, Li J, Tan CL, et al. Prospects 
and applications of enucleation in solid 
pseudopapillary neoplasms of the pancreas. 
World J Gastrointest Oncol 2022; 14: 1227–1238.

	370.	 Yang F, Wu W, Wang X, et al. Grading solid 
pseudopapillary tumors of the pancreas: the 
fudan prognostic index. Ann Surg Oncol 2021; 
28: 550–559.

	371.	 Chen J, Zong L, Wang P, et al. Solid 
pseudopapillary neoplasms of the pancreas: 

clinicopathologic analysis and a predictive 
model. Mod Pathol 2023; 36: 100141.

	372.	 Zauls JA, Dragun AE and Sharma AK. 
Intensity-modulated radiation therapy for 
unresectable solid pseudopapillary tumor  
of the pancreas. Am J Clin Oncol 2006; 29: 
639–640.

	373.	 Fried P, Cooper J, Balthazar E, et al. A role 
for radiotherapy in the treatment of solid and 
papillary neoplasms of the pancreas. Cancer 
1985; 56: 2783–2785.

	374.	 Kodama R, Koh Y, Midorikawa H, et al. A 
case of recurrence of a solid pseudopapillary 
neoplasm of the pancreas effectively treated with 
proton beam radiotherapy. Clin J Gastroenterol 
2021; 14: 375–381.

	375.	 Yasuda H, Kataoka K, Miyake H, et al. 
Spontaneous regression in solid pseudopapillary 
neoplasm of pancreas. Clin J Gastroenterol 2023; 
16: 105–109.

	376.	 Lee G, Sung YN, Kim SJ, et al. Large tumor 
size, lymphovascular invasion, and synchronous 
metastasis are associated with the recurrence of 
solid pseudopapillary neoplasms of the pancreas. 
HPB (Oxford) 2021; 23: 220–230.

	377.	 Zou C, Yang F, Wu W, et al. Ki-67 and 
malignancy in solid pseudopapillary tumor  
of the pancreas: a systematic review and  
meta-analysis. Pancreatology 2020; 20:  
683–685.

	378.	 Machado MC, Machado MA, Bacchella T, 
et al. Solid pseudopapillary neoplasm of the 
pancreas: distinct patterns of onset, diagnosis, 
and prognosis for male versus female patients. 
Surgery 2008; 143: 29–34.

	379.	 Yepuri N, Naous R, Meier AH, et al. A 
systematic review and meta-analysis of 
predictors of recurrence in patients with solid 
pseudopapillary tumors of the pancreas. HPB 
(Oxford) 2020; 22: 12–19.

Visit Sage journals online 
journals.sagepub.com/
home/tam

 Sage journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

