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Intraductal tubulopapillary neoplasm (ITPN) is a rare type
of pancreatic tumor, accounting for <1% of all pancreatic
exocrine neoplasms and 3% of pancreatic intraductal neo-
plasms. ITPN is an intraductal neoplasm with a tubular or tu-
bulopapillary growth pattern and little or no mucin. Described
in the literature under other names such as intraductal car-
cinoma, ITPN was proposed as a distinct diagnostic entity
by Yamaguchi et al.! in 2009. ITPN was officially included in
the 2010 World Health Organization classification of digestive
system tumors as a unique intraductal neoplasm, separate
from other intraductal tumors, particularly intraductal papil-
lary mucinous neoplasms.? The genomic landscape of pan-
creatic ITPN is relatively heterogeneous, and the common
pancreatic ductal adenocarcinoma (PDAC) drivers, including
KRAS, TP53, SMAD4, and CDKNZ2A, are less frequently iden-
tified in ITPN.3

Tumors with an invasive component, referred to as “ITPN
with associated invasive carcinoma,” can be identified in 70%
of cases. However, the prognosis of invasive carcinoma aris-
ing from ITPN is significantly better than conventional PDAC,
with a five-year survival rate of 71% for cases with an in-
vasive component and 100% for patients without invasive
disease.* Distal metastasis from carcinoma associated with
ITPN is rare, with the liver being the only documented site
reported in the literature. The largest series published so far
by Basturk et al.* described three cases with liver metasta-
ses out of 22 cases of invasive carcinoma associated with
ITPN, with a mean follow-up of 60 months (range, 11-173
months). A study by Mafficini et al.? reported only one out
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of 12 cases of invasive carcinoma associated with ITPN that
presented with a single liver metastasis, with an average fol-
low-up of 27.9 months. Yamaguchi reported one patient who
died of multiple liver metastases seven months after surgical
resection, out of 10 cases of ITPN, three of which showed
invasion.! In this paper, we present an unusual case of a
60-year-old male with ITPN-associated pancreatic carcinoma
and synchronous esophageal adenocarcinoma, who later de-
veloped liver metastasis. Due to the significant overlap in
morphology and immunoprofile between pancreatic carci-
noma and esophageal adenocarcinoma, next-generation se-
quencing (NGS) was used to compare the molecular profiles
of the tumors. The liver lesion showed identical molecular
alterations to the patient’s pancreatic tumor. To the best of
our knowledge, this is the first reported case of a patient with
synchronous ITPN-associated pancreatic carcinoma and es-
ophageal adenocarcinoma presenting with liver metastasis,
where molecular findings were particularly helpful in confirm-
ing the pancreatic tumor as the primary origin.

The patient, a 60-year-old male, presented with acute
pancreatitis. On further work-up, the lower third of the es-
ophagus showed mucosal changes consistent with Barrett’s
esophagus measuring 3 cm in length. Localized nodularity
and altered texture were identified at the gastroesophageal
junction, and biopsy revealed esophageal adenocarcinoma
(Fig. 1a) in a background of Barrett’s esophagus. Comput-
ed tomography showed pancreatic ductal dilatation, raising
concern for an intraluminal mass. Positron emission tomog-
raphy/computed tomography revealed a hypermetabolic le-
sion in the pancreatic head with the maximum standardized
uptake value of 7.9. Magnetic resonance imaging identified
a 3 cm lesion in the pancreatic head. Endoscopic ultrasound-
guided fine-needle aspiration was performed on an irregular
3.4 x 2.3 cm mass in the pancreatic head, and smear cytol-
ogy showed numerous clusters of atypical epithelial cells with
enlarged nuclei, an increased nuclear-to-cytoplasmic ratio,
nuclear hyperchromasia and overlap, anisonucleosis, and
disorganization (Fig. 1b). The cell block was paucicellular and
non-contributory. The cytology specimen was diagnosed as
positive for malignant cells, consistent with adenocarcinoma.
Biopsy of the esophageal adenocarcinoma and pancreatic cy-
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Fig. 1. Histologic findings of the esophageal adenocarcinoma, pancreatic lesion in cytology, resection specimens and liver lesion. (a) Biopsy at the gas-
troesophageal junction shows moderately differentiated adenocarcinoma (200x). (b) Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) of the pancreatic
mass showed clusters of atypical epithelial cells with enlarged nuclei, increased nuclear-to-cytoplasmic ratio, nuclear hyperchromasia and overlap, anisonucleosis, and
disorganization (400x). (c) Whipple specimen showed an intraductal neoplasm with tubular and papillary architecture (100x). (d) The invasive component showed
small clusters of cells with identical morphology to intraductal tubulopapillary neoplasm (ITPN, 100x). (e) Biopsy of the liver lesion showed background liver on the
left and moderately differentiated adenocarcinoma on the right (100x). (f) The tumor cells are focally and weakly positive for caudal-type homeobox 2 (CDX2, 100x).

tology specimens with malignant cells were collected during
the same procedure. The patient underwent three cycles of
chemotherapy with folinic acid, fluorouracil, and oxaliplatin,
along with concurrent radiation therapy for the esophageal
adenocarcinoma (cT1sm N1MO). A follow-up biopsy showed
Barrett's esophagus with only reactive changes. For the
pancreatic tumor, he underwent neoadjuvant chemothera-
py with fluorouracil, leucovorin, irinotecan, and oxaliplatin
(FOLFIRINOX), and the Whipple procedure was performed
six months after diagnosis. Grossly, the Whipple specimen
showed a firm, solid, tan-pink, focally hemorrhagic, poorly
defined mass measuring 3.8 x 3.1 x 2.5 cm located in the
head of the pancreas, which obliterated the pancreatic duct.
Microscopic evaluation revealed involvement of the main
pancreatic duct by an intraductal neoplasm with tubular and
papillary architecture. The neoplastic cells were markedly

atypical, characterized by loss of nuclear polarity, nuclear
hyperchromasia, and anisonucleosis, consistent with ITPN
with extensive high-grade dysplasia (Fig. 1c). Multiple sec-
tions showed moderately differentiated adenocarcinoma with
pushing invasion extending beyond the main pancreatic duct
and branch ducts into the surrounding pancreatic parenchy-
ma, with the largest focus measuring 1.1 cm (Fig. 1d). The
final pathological staging was ypT1cNO (0/26 lymph nodes),
with no lymphovascular invasion identified. There was no or
minimal identifiable response to neoadjuvant therapy. Mar-
gins were negative for both ITPN and invasive carcinoma.
The tumor was microsatellite stable by immunostain. A tar-
geted 161-gene NGS panel (University of Pittsburgh Medical
Center Oncomine) performed on the resection specimen with
manual microdissection identified a BRAF p.V600E mutation
(Table 1, reference genome GRCh37). Detailed genes cov-
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Table 1. Molecular alterations of the esophageal adenocarcinoma, pancreatic tumor, and liver lesion

Tumor VAF

. _ Sample

Tumor Gene Alteration gg:;tage g:‘\w NGS panel mean depth
Esophageal adenocarcinoma EGFR Amplification 25% 12x FSTA 2954x

TP53* Splice site 24%

(c.559+1G>A)

TP53* p.R175H 5%
Pancreatic adenocarcinoma/ITPN BRAF p.V600OE NA 43% UPMC Oncomine NA

NOTCH2** Q2341H 12%
Adenocarcinoma involving the liver BRAF p.V600E 30% 19% FSTA 4039x

*The two TP53 mutations are detected in trans; **NOTCH2 gene is covered by the Oncomine panel, but not the FSTA panel. CNV, copy number variation; BRAF, B-Raf
proto-oncogene, serine/threonine kinase; EGFR, epidermal growth factor receptor; FSTA, focused solid tumor assay; NA, not available (not provided in the report);
NGS, next-generation sequencing; NOTCHZ2, neurogenic locus notch homolog protein 2; TP53, tumor protein p53; UPMC, University of Pittsburgh Medical Center; VAF,

variant allele frequency.

ered by the assay can be viewed at https://mgp.upmc.com/
Home/Print/Oncomine. By NGS, the microsatellite status was
MS-stable, and the tumor mutation burden was 4.4 muta-
tions/Mb (35.8th percentile of all tumor samples). Five and
a half months after surgery, the patient presented with a 1.2
cm liver lesion. Biopsy showed moderately differentiated ad-
enocarcinoma involving the liver parenchyma (Fig. 1e). The
tumor cells were positive for cytokeratin 7, showed weak and
patchy staining for caudal type homeobox 2 (Fig. 1f), and
were negative for cytokeratin 20. This immunoprofile can be
seen in adenocarcinomas of both esophageal and pancreatic
origin. Due to the overlapping morphology and immunophe-
notype of adenocarcinoma of esophageal and pancreatic ori-
gin, NGS was performed on biopsies of both the esophageal
adenocarcinoma and the liver lesion using the focused solid
tumor assay, as previously described (reference genome
GRCh37).> This assay detects single nucleotide variants,
small insertions/deletions, and high-level amplifications; the
genomic regions analyzed are listed in Supplemental Table 1.
Manual microdissection was performed prior to DNA extrac-
tion for the liver lesion. As shown in Table 1, the liver lesion
harbored BRAF p.V600E, whereas the esophageal carcinoma
showed TP53 alterations and EGFR amplification. The identi-
cal molecular profile of the liver lesion and the pancreatic
tumor supports the pancreatic tumor as the primary site of
liver metastasis. The patient was started on a chemotherapy
regimen of gemcitabine and Abraxane based on these find-
ings. He is alive and has remained on chemotherapy for two
years and 10 months after the diagnosis of the pancreatic
tumor, and one year and 11 months after the diagnosis of
liver metastasis.

ITPN is a very rare tumor. The most common site of ITPN
is the head of the pancreas (51.7%), followed by the body
and tail.° Diagnosing ITPN or ITPN-associated carcinoma
through imaging or cytology/biopsy before surgery is very
challenging. On imaging, according to a retrospective study
by Motosugi et al.,” ITPN shows characteristic findings such
as the “2-tone duct sign” and the “cork-of-wine-bottle sign,”
which represent intraductal growth. However, other authors
argue that these signs are not reliable for differentiating ITPN
from PDAC.8 On cytology, ITPN is quite difficult—if not im-
possible—to distinguish from PDAC on smear, although some
authors suggest that structural characteristics of ITPN, such
as tubules in contact with fibrovascular structures and cribri-
form structures, are not usually present in PDAC.° Diagnosis
by biopsy or cytology specimens before surgery has been
reported,810 and the diagnosis in those cases relied on struc-

tural features and immunostains, which may not always be
feasible in clinical practice. Inconclusive or incorrect cytology
diagnoses are also reported.!'-13 The diagnosis of ITPN is
almost always made postoperatively. A definitive diagnosis
typically relies on histopathological analysis of tissue samples
collected through surgical resection, as in this case.

Histologically, ITPNs are characterized by tubulopapillary
growth, uniform high-grade atypia, frequent necrotic areas,
unequivocal ductal differentiation, and lack of mucin. Inva-
sive carcinoma can show cytologic features identical to those
in noninvasive components, and determining the extent of
invasion is often very difficult.*

Molecular studies provide further insight into ITPN. Al-
though findings vary between studies, molecular altera-
tions in ITPN show a low frequency of mutations commonly
seen in PDAC, such as KRAS, TP53, and SMAD4. A study
by Basturk et al.13 reported loss of CDKN2A in 5/20 (25%)
of cases, mutations in chromatin remodeling genes in 7/22
(32%) ITPNs, PI3K pathway mutations in 27%, and FGFR2
fusions in 4/18 (18%). Some of these genetic alterations,
such as PIK3CA mutations, BAP1 mutations, and FGFR2 fu-
sions, are potentially targetable with therapy. In the study by
Mafficini et al.,? recurrent mutations included KRAS (25%),
TP53 (25%), SMAD4 (12.5%), BRAF (12.5%), copy num-
ber variations in Cyclin family genes (18.75%), and ERBB2
amplification (6.25%). Structural genomic alterations, such
as gene fusions and translocations, were also identified. The
only case with liver metastasis in that study harbored KRAS,
TP53, PALB2, and RB1 missense mutations. This study also
demonstrated that invasive adenocarcinomas share the ma-
jority of somatic alterations with the intraductal precursors,
confirming the molecular association of ITPN and its associ-
ated carcinoma. Three cases harbored additional alterations
restricted to the invasive components.?> Gene fusions were
also reported in the study by Manukyan et al.1* BRAF muta-
tions are rare in PDAC, observed in only ~3% of patients.!>
The absence of BRAF mutations was listed as one of the nine
defining features of ITPN in the paper by Yamaguchi et al.t
However, a BRAF p.V600E mutation was identified in our
case, and the same mutation has been previously described
in ITPN by other authors,6:17 including the study by Mafficini
et al.3

Due to limited understanding and the absence of stand-
ardized guidelines for ITPN and associated carcinoma, clini-
cal management remains challenging. Whether neoadjuvant
chemotherapy for PDAC is effective against carcinoma as-
sociated with ITPN is largely unknown. In our patient, there
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was no or minimal treatment response to neoadjuvant FOL-
FIRINOX chemotherapy in the Whipple resection specimen.
The identification of the BRAF p.V600E mutation in this pa-
tient presents a potential therapeutic opportunity, as cor-
responding targeted therapies, such as BRAF and MEK in-
hibitors, exist. The optimal approach for metastatic disease
remains unclear, underscoring the need for further research
and clinical trials.

In conclusion, ITPN is a very rare pancreatic tumor that
presents significant challenges in diagnosis and manage-
ment. This case highlights the value of molecular profiling
in understanding the disease process in a patient with syn-
chronous ITPN-associated pancreatic carcinoma and esopha-
geal adenocarcinoma, and in guiding clinical management.
Additionally, this case demonstrates the lack of response to
standard chemotherapy regimens for PDAC in ITPN-associat-
ed carcinoma in the Whipple specimen. A better understand-
ing of the tumor’s morphology, immunophenotype, and mo-
lecular alterations may aid diagnosis, guide treatment, and
improve outcomes.
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