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Abstract: Ampullary adenocarcinoma is a rare malignancy that lacks standard systemic treatment. We
describe a case of recurrent metastatic ampullary adenocarcinoma of the pancreaticobiliary subtype
treated with nanoparticle albumin-bound (nab)-paclitaxel and gemcitabine as first-line treatment. This
report also highlights the molecular profile of the ampullary adenocarcinoma and circulating tumor
DNA (ctDNA). This is a case of pancreaticobiliary ampullary adenocarcinoma in a 67-year-old woman
who initially presented with painless jaundice. Endoscopic and imaging evaluation revealed biliary
ductal dilation secondary to an ampullary mass. Pathology confirmed the diagnosis of ampullary
adenocarcinoma of the pancreaticobiliary subtype. She underwent surgical resection of the tumor,
followed by adjuvant chemotherapy with gemcitabine and capecitabine. The tumor subsequently
recurred in the liver. She received palliative chemotherapy with nab-paclitaxel and gemcitabine,
resulting in an objective tumor response for 14 months. Molecular profiling of the tumor and ctDNA
revealed a novel MATN2-RSPO RNA fusion and a novel NTRK3 mutation, respectively. Our report
suggests that long-term durable response can be achieved in metastatic pancreaticobiliary ampullary
adenocarcinoma using nab-paclitaxel and gemcitabine. Molecular profiling of the tumor identified a
novel R-Spondin2 RNA fusion and NTRK3 mutation that can be potentially targeted for treatment.

Keywords: ampullary adenocarcinoma; pancreaticobiliary; nab-paclitaxel; gemcitabine; molecular
profiling; circulating tumor DNA; R-Spondin2; NTRK3

1. Introduction

Adenocarcinoma of the ampulla of Vater, or ampullary adenocarcinoma (AAC), is
a rare malignancy that comprises 0.2% of gastrointestinal cancers [1–3]. AAC develops
from a mucosal landmark where the common bile duct and pancreatic duct converge.
Depending on the epithelium of origin, AACs can be classified into two main histologic
subtypes: intestinal and pancreaticobiliary [4,5]. Although not typical, a mixed histologic
subtype also carries ambiguous features from both subtypes [6].

A growing number of studies demonstrate that the pancreaticobiliary subtype cor-
relates with worse patient outcomes than the intestinal subtype [7–10]. Although many
studies have shown that patients with AAC have improved survival compared to other
peri-ampullary and hepato-pancreato-biliary malignancies [10,11], this observation could
be attributed to early detection of the disease. Patients with AAC usually present with

Biomedicines 2023, 11, 2326. https://doi.org/10.3390/biomedicines11082326 https://www.mdpi.com/journal/biomedicines

https://doi.org/10.3390/biomedicines11082326
https://doi.org/10.3390/biomedicines11082326
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-5178-1279
https://orcid.org/0000-0001-7060-4350
https://orcid.org/0000-0002-1457-9047
https://doi.org/10.3390/biomedicines11082326
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines11082326?type=check_update&version=2


Biomedicines 2023, 11, 2326 2 of 10

obstructive jaundice, whereas those with other cancers typically remain asymptomatic until
tumor progression.

Curative surgery, usually pancreaticoduodenectomy (Whipple procedure), is possible
in at least 50% of patients with AAC as compared to fewer than 10% in those with pan-
creatic adenocarcinoma [12]. Nonetheless, up to 50% of AAC cases ultimately recur [2,13],
justifying the need for systemic adjuvant chemotherapy. Given its rarity, randomized
clinical trials focused on AAC are scarce. The external validity of available clinical studies
on AAC cases also remains limited. These studies analyzed AAC cases as a minor compo-
nent in a combined group, which commonly includes pancreatic, small bowel, and other
biliary malignancies [14–16]. Due to the lack of clinical trials that focus on AAC, there is no
consensus on the optimal management of this type of tumor [17].

Without standard treatment options in rare malignancies, and even more so in ad-
vanced cancers, an empirical approach weighing the risks and benefits of off-label use of
chemotherapies is used [18]. While gemcitabine-based treatments are considered conventional
regimens for advanced AAC and other biliary tract cancers, AACs have also been treated with
chemotherapies for pancreatic or small bowel adenocarcinomas [14,19–22]. Actionable genetic
alterations, including mismatch repair deficiency, microsatellite instability-high (MSI-H),
and point mutations, could also be targeted using tissue-agnostic immunotherapies and
targeted agents, especially in advanced disease [23,24]. With the advent of these therapies,
tumor tissue profiling platforms have been developed to provide biomarker information
and guide treatment decisions.

In this report, a case of a patient with metastatic AAC of the pancreaticobiliary subtype
that responded to gemcitabine/nab-paclitaxel for 14 months is presented. The molecular
profiles of the patient’s primary tumor as well as the biopsied blood specimens during
treatment with gemcitabine and nab-paclitaxel are described.

2. Case Description

The patient is a 67-year-old Caucasian woman who initially presented with painless
jaundice. Past medical history included hypothyroidism and chronic kidney disease. Family
history was significant for father with prostate cancer, mother with colon cancer, and brother
with laryngeal cancer. She denied any history of smoking and alcohol or substance abuse.
She had not travelled outside the country within the past 30 days. Medications included
levothyroxine, multivitamins, calcium carbonate/vitamin D, and ascorbate calcium.

Diagnostic evaluation with laboratory tests and chest/abdominal/pelvic computed to-
mography (CT) with contrast was performed. Laboratory results were notable for elevated
total bilirubin (14.6 mg/dL; normal 0–1.2 mg/dL), direct bilirubin (10.9 mg/dL; normal
0–0.3 mg/dL), alanine transaminase (694 unit/L; normal 0–33 unit/L), aspartate transami-
nase (393 unit/L; 0–32 unit/L), carbohydrate antigen 19-9 (CA 19-9; 245.3 unit/mL; normal
<36 unit/mL), and carcinoembryonic antigen (CEA; 5.3 ng/mL; normal <4.8 ng/mL).
Complete blood count (CBC) with differential, comprehensive metabolic panel (CMP),
iron, hemoglobin, prothrombin time, and thyroid-stimulating hormone (TSH) were within
normal limits. Tests for hepatitis A virus, hepatitis B virus, hepatitis C virus, and cy-
tomegalovirus were negative. Past infection with Epstein–Barr virus was detected.

CT scans revealed an ampullary mass and biliary ductal dilation involving the pancre-
atic, intrahepatic, and extrahepatic bile ducts, which extended to the ampulla (Figure 1).
No tumor metastasis was detected.

Endoscopic retrograde cholangiopancreatography (ERCP) was conducted with sphinc-
terotomy and placement of stents in the bile duct and pancreatic duct. An ampulla mass
was detected on endoscopic ultrasonograph (EUS). Histological examination of the biopsied
ampulla mass confirmed AAC (Figure 2A). The patient then underwent pancreaticoduo-
denectomy (Whipple procedure).
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Figure 1. CT scans depicting an ampullary mass (white arrow) and biliary ductal dilation.

Figure 2. (A) Ampullary biopsy demonstrating adenocarcinoma with pancreaticobiliary morphology.
Cells have round vesicular nuclei and polygonal cytoplasm and form rounded glands (hematoxylin
and eosin, ×500). (B) Resected tumor confirming ampullary adenocarcinoma (hematoxylin and eosin,
×125). (C) Higher magnification view of resected tissue depicting pancreaticobiliary morphology
(hematoxylin and eosin, ×500).

The resected tumor revealed intra-ampullary and peri-ampullary adenocarcinoma
(Figure 2B), pancreaticobiliary type (Figure 2C), pT2 and pN1, with histologic grade 2. The
tumor measured 1.2 cm (greatest dimension) and extended beyond the sphincter of Oddi
and into the muscularis propria of the duodenum. One of the 40 regional lymph nodes
resected was involved in the tumor. The resection margins (pancreatic parenchyma, bile
duct, proximal, and distal margins) were uninvolved in the tumor.

The patient received adjuvant chemotherapy (May 2020) with gemcitabine (800 mg/m2

IV on day 1, day 8, and day 15) and capecitabine (500 mg ii PO every 12 h on day 1 to
day 21) of every 28-day cycle. Due to neutropenia, the dosage of gemcitabine in cycle 3
was decreased to 700 mg/m2 (July 2020). Peg-filgrastim was also administered. Follow-up
CT scans (July 2020) revealed a new hypodense lesion in segment 7 of the liver (Figure 3A),
also shown as a rim-enhancing 1.1 cm lesion through magnetic resonance imaging (MRI).
The hepatic lesion was biopsied, and pathological examination confirmed metastatic adeno-
carcinoma (Figure 3B). Due to recurrent tumor metastasis, the treatment with gemcitabine
and capecitabine was discontinued (July 2020).
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Figure 3. (A) New hypodense lesion in hepatic segment 7, suggesting tumor recurrence in the
liver (depicted with yellow arrow). (B) Fine-needle aspiration biopsy of liver metastasis. Three-
dimensional glandular aggregates of neoplastic cells possessed of moderate volume of finely vacuo-
lated cytoplasm demonstrating marked nuclear pleomorphism (Diff Quick, ×500).

The patient was then started on a combination chemotherapy conventionally used in
metastatic pancreatic adenocarcinoma—nab-paclitaxel and gemcitabine (July 2020). Nab-
paclitaxel is a microtubule inhibitor that promotes the assembly of microtubules from
tubulin dimers and stabilizes microtubules by preventing depolymerization, resulting in
inhibition of the normal dynamic reorganization of the microtubule network during mitosis.
Gemcitabine exerts cytotoxic effects by inhibiting DNA synthesis by blocking ribonucleotide
reductase and competing with dCTP for incorporation into DNA. Considering her history
of neutropenia, both chemotherapeutic drugs were initially infused at 60% full dose: nab-
paclitaxel 75 mg/m2 and gemcitabine 600 mg/m2 on day 1, day 8, and day 15 of every
28-day cycle). Due to persistent neutropenia, the dosage of gemcitabine was further reduced
to 500 mg/m2 prior to starting cycle 3. Having completed six cycles of nab-paclitaxel and
gemcitabine, the patient demonstrated continued tumor response, as shown by the decrease
in size of the hepatic lesion and the tumor marker CA 19-9 trending down (Figure 4). The
patient tolerated nab-paclitaxel and gemcitabine reasonably well, except for transient
nausea and mild paresthesia in the toes.

Figure 4. Timeline of significant events in the patient’s disease course. Changes in treatment,
CA 19-9 level, molecular profiling result, and disease outcome are summarized in this schematic.
# Indeterminate amino acid.

Molecular profiling (by Caris® Molecular Intelligence, Caris® Life Sciences, Phoenix,
AR, USA) was conducted on the surgically resected AAC to explore treatment options
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(Table 1). The results indicated mutations in CDKN2A DNA (pathogenic variant, exon 2,
codon 172C>T, variant frequency 51%, protein R58*) and KRAS DNA (pathogenic variant,
exon 2, codon 35G>A, variant frequency 45%, protein G12D). Alteration in RSPO2 RNA
showed a likely pathogenic fusion (exon 3, protein MATN2-RSPO2), whereas fusion was
not detected in NTRK1/2/3. A variant of uncertain significance was detected in ATM DNA
(exon 8, codon 1009C>T, variant frequency 45%, protein R337C). The tumor was also
negative for ERBB2 amplification, PD-L1 expression, and PTEN deletion. Microsatellite
instability was low, and mismatch repair status was proficient. The tumor mutational
burden was low (1 mutation/Mb).

Table 1. Molecular profile of this reported patient’s tumor compared to the genetic alterations in
ampullary adenocarcinoma with pancreaticobiliary subtype previously published in the literature.

This Case Report
(n = 1)

Yachida et al., 2016 [25]
(n = 66)

Gingras et al., 2016 [26]
(n = 71)

Ferchichi et al., 2018 [27]
(n = 15)

KRAS exon 2,
c.35G>A, p.G12D KRAS (68%) KRAS (72%)

KRAS p.G12D (27%)
KRAS p.G12A (13%)
NRAS p.G12D (7%)

CDKN2A exon 2,
c.172C>T, p.R58 * CDKN2A (9%) CDKN2A (16%) NR

RSPO2 (RNA fusion)
MATN2 exon 4: RSPO2 exon 3

MATN2-RSPO2
NR NR NR

ATM c.1009C>T
p.R337C NR ATM (10%) NR

NTRK1 Exon 6,
c.640C>T, p.R214W NR NR NR

NR TP53 (67%) TP53 (72%) NR
NR SMAD4 (20%) SMAD4 (18%) NR
NR CTNNB1 (15%) NR NR
NR ERBB3 (14%) NR NR
NR GNAS (12%) NR NR
NR CDH10 (12%) NR NR
NR ELF3 (11%) NR NR
NR NR FBXW7 (8%) NR
NR NR PIK3CA (13%) NR
NR NR ARID1A (13%) NR
NR NR APC (11%) NR
NR NR TGFBR2 (10%) NR
NR NR FBXW7 (8%) NR

MATN2-RSPO2 RNA fusion was detected in which the exon 3 of RSPO2 is joined in-frame with the exon 4 of
MATN2. ATM c.1009C>T is a variant of uncertain significance since it has been reported in both the population
database and as a somatic mutation in cancer. NTRK1 c.640C>T is likely a benign variant since it has been
identified in the germline of several individuals and has not been found as a somatic mutation in cancers. c: codon;
p: protein; NR: not reported. * Indeterminate amino acid.

The patient continued to receive three more cycles of chemotherapy, with both drugs’
dosages reduced to 50% of the full dose due to persistent neutropenia (January 2021).
Follow-up CT scans (April 2021) showed a stable lesion in segment 7 of the liver (Figure 5A).
In addition to radiological studies, blood specimens were collected to analyze circulating
tumor DNA (ctDNA, by Guardant360®, GuardantTM, Redwood City, CA, USA) in order to
help monitor tumor response to chemotherapy. CtDNA and MSI-high were undetected after
cycle 9 of nab-paclitaxel and gemcitabine (April 2021). However, prior to cycle 12 (4 June
2021), a ctDNA mutation was identified in NTRK3 (R645H, 0.1%). A slight increase in the
conspicuity of the segment 7 lesion on CT scans was observed (July 2021). Subsequently,
cycle 13 treatment was administered with the dosage of nab-paclitaxel increased to 70%
full dose.
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Figure 5. (A) Stable lesion in hepatic segment 7 after cycle 9 of gemcitabine/nab-paclitaxel treatment
(depicted with red arrow). (B) Tumor enlargement after cycle 13 (depicted with yellow arrow).

CT scans (August 2021) suggested that the patient’s tumor had progressed, as indi-
cated by further enlargement of the hepatic lesion (18 mm, previously 9 mm; Figure 5B)
and continuous rising of serum CA 19-9 (Figure 4). Treatment with nab-paclitaxel and
gemcitabine was discontinued. She was considered for any eligible clinical trial (Clinicaltri-
als.gov Identifier: NCT04003896, NCT02521844, NCT04484142) based on genetic alterations
in KRAS and CDKN2A, RSPO2, and NTRK3, respectively (Table 1). Palliative microwave
ablation or Y-90 radioembolization of the metastatic tumor in the liver was also considered.

3. Discussion

In this case report, we present a patient who received nab-paclitaxel and gemcitabine
as palliative systemic treatment for recurrent metastatic AAC of the pancreaticobiliary
subtype. Moreover, we provide the data of multi-platform molecular profiling for iden-
tifying actionable biomarkers as well as monitoring tumor response to treatment. To our
knowledge, this is the first reported case of using nab-paclitaxel and gemcitabine as a
first-line systemic treatment for metastatic AAC with durable response (14 months).

There are a few previously reported cases in which patients with metastatic AAC
were initially treated with fluorouracil-based chemotherapy prior to nab-paclitaxel and
gemcitabine. In a patient with recurrent metastatic AAC with a mixed subtype that had
progressed following treatment with FOLFOX and then FOLFIRI, a tumor response of
9 months using nab-paclitaxel and gemcitabine was demonstrated [28]. In another patient
with pancreaticobiliary-type AAC that had progressed following treatment with FOLFOX
for 10 months and then one dose of FOLFIRI, treatment with nab-paclitaxel, gemcitabine,
and cisplatin produced a tumor response of at least 12 months [29]. In a patient with
metastatic pancreaticobiliary-type AAC that had progressed following treatment with
FOLFOX for 5 months and then FOLFIRINOX for 2 months and palliative radiation therapy,
treatment with nab-paclitaxel and gemcitabine produced a tumor response of at least
10 months [29]. Those reported patients who received nab-paclitaxel and gemcitabine with
or without cisplatin following prior treatment with 5-fluorouracil-based chemotherapy
lend support to our case.

As a standard practice in the management of advanced or metastatic carcinoma, includ-
ing AAC, molecular profiling of the tumor and analysis of ctDNA are routinely conducted
and typically covered by health insurance in order to explore actionable biomarkers to help
select treatment using molecularly targeted agents. In this report, tumor molecular profiling
by multi-platform analyses revealed typical as well as novel genetic alterations (Table 1).
DNA sequencing of the surgically resected AAC revealed genetic alterations in KRAS and
CDKN2A, which are common pathogenic variants in AAC, as previously reported [25–27].
Cyclin-dependent kinases 4 and 6 (CDK4/6) act downstream of KRAS and CDKN2A, and
they are potential targets of anti-cancer therapy. A clinical trial to investigate abemaciclib
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(an inhibitor of CDK4/6) in advanced or metastatic biliary tract carcinoma, including AAC
(Clinicaltrials.gov Identifier: NCT04003896), can be considered for this patient [30].

Moreover, a likely pathogenic RNA fusion was identified in the RSPO2 gene, which
encodes a member of the R-spondin family of secreted proteins that can potentiate canonical
Wnt signaling [31]. Although this specific fusion has not been previously identified, it is
considered potentially oncogenic, as the exon 3 of RSPO2 is joined in-frame with the exon 4
of MATN2, which provides a signal sequence. Chromosomal translocations that result in
fusion of RSPO2 with genes such as EIF3E, EMC2, PVT1, and HNF4A have been identified
in a variety of human cancers [32–34]. A preliminary study has shown an association
between RSPO fusions and the co-activation of the MAPK pathway and modulation of
PD-L1 expression in colorectal carcinoma [35]. These data suggest malignant tumors,
including AAC, that harbor RSPO2 fusion can be potentially treated with Wnt-targeted
agents and anti-PD-1/PD-L1 antibodies. A clinical study to investigate ETC-1922159
(a porcupine inhibitor that blocks post-translational palmitoylation of Wnt ligands and
inhibits their secretion, preventing the activation of Wnt ligands, interfering with Wnt-
mediated signaling, and inhibiting cell growth in Wnt-driven tumors) either as a single
agent or in combination with pembrolizumab (anti-PD-1 antibodies) in advanced solid
tumors is recruiting (Clinicaltrials.gov Identifier: NCT02521844) [36].

We utilized a commercial liquid biopsy sequencing platform (Guardant 360®) to
monitor treatment response and identify actionable resistance mechanisms. Although no
NTRK 1/2/3 fusion was initially detected in the primary tumor, a NTRK3 (R645H) mutation
was detected in the ctDNA. Of note, a DNA alteration in the primary tumor was detected in
NTRK1 (Table 1). This NTRK1 variant is considered likely benign since it has been identified
in the germline of several individuals and has not been found as a somatic mutation in
cancers. However, the genetic alteration in NTRK3 is novel and of unknown clinical and
functional significance. Previous studies have proposed the clinical relevance of NTRK3
mutations in lung adenocarcinoma. A clinical study to investigate datopotamab deruxtican
(a TROP2-directed antibody-drug conjugate) in advanced or metastatic non-small cell lung
cancer with actionable genomic alterations, including NTRK 1/2/3 mutation, is recruiting
(Clinicaltrials.gov Identifier: NCT04484142) [37]. Moreover, various mutations in NRTK3
were associated with a greater tumor burden and improved treatment outcomes using
immune-checkpoint inhibitors compared to those without NTRK3 alteration [38]. Whether
our patient may benefit from immune-checkpoint inhibitors remains to be explored.

AACs arise within the peri-ampullary region where the distal bile duct, pancreatic
duct, and duodenum merge, and they are associated with variable morphological subtypes
and clinical phenotypes. The genomic profile of this reported patient, along with the
previously published genetic alterations of AAC, is in agreement with the known molecular
heterogeneity of this disease [25–27]. This may be attributed to the multiple cells-of-origin of
AAC, inter-patient variations, and any additional acquired mutations during tumorigenesis.
Using genomic-classifier methodology provided insight into the heterogeneity of AAC
by correlating the histological-genomic subtypes with various genetic mutations, and
suggested risk stratification based on the identification of distinct clinical subtypes may
help guide the selection of personalized therapies [39].

4. Conclusions

Standard guidelines for the optimal management of advanced or metastatic AAC
remain elusive due to the rarity of this malignancy. This study describes a case of metastatic
AAC of the pancreaticobiliary subtype that recurred during adjuvant treatment with gemc-
itabine and capecitabine. Remarkably, a durable response (14 months) was achieved using
nab-paclitaxel and gemcitabine, one of the standard palliative treatments for advanced pan-
creatic adenocarcinoma. Tumor molecular profiling revealed RSPO2, KRAS, and CDKN2A
alterations prior to nab-paclitaxel and gemcitabine treatment, whereas a NTRK3 mutation
was associated with the recurrent tumor during treatment. This case report supports the
utilization of nab-paclitaxel and gemcitabine in treating advanced AAC. Future clinical
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trials are indicated to investigate this combination as a first-line treatment for advanced
or metastatic AAC. Moreover, this report also highlights the utility of molecular profiling
platforms in guiding treatment decisions for patients with rare and aggressive diseases,
such as AAC.

Author Contributions: Conceptualization, M.P.L. and N.S.Y.; methodology, M.P.L., H.M., M.S., C.A.
and N.S.Y.; formal analysis, M.P.L., H.M., M.S., C.A. and N.S.Y.; data curation, M.P.L., M.S., C.A. and
N.S.Y.; writing and editing, M.P.L., H.M., M.S., C.A. and N.S.Y.; supervision, N.S.Y. All authors have
read and agreed to the published version of the manuscript.

Funding: M.P.L. is supported by the Jack Kent Cooke Foundation and the National Center for
Advancing Translational Sciences Grant TL1 TR002016 and Grant UL1 TR002014.

Institutional Review Board Statement: The Human Subjects Protection Office of the Penn State
Health Milton S. Hershey Medical Center determined that this case study does not meet the definition
of human subject research as defined in 45 CFR 46.102(d) and/or (f); Institutional Review Board (IRB)
review and approval is not required.

Informed Consent Statement: Written informed consent was obtained from the patient for the
publication of any potentially identifiable images or data included in this article. A patient consent
form was read and signed by the patient.

Data Availability Statement: Deidentified raw data supporting the conclusions of this article will be
made available by the authors upon request.

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

References
1. Albores-Saavedra, J.; Schwartz, A.M.; Batich, K.; Henson, D.E. Cancers of the ampulla of vater: Demographics, morphology, and

survival based on 5625 cases from the SEER program. J. Surg. Oncol. 2009, 100, 598–605. [CrossRef]
2. O’Connell, J.B.; Maggard, M.A.; Manunga, J.; Tomlinson, J.S.; Reber, H.A.; Ko, C.Y.; Hines, O.J. Survival After Resection of

Ampullary Carcinoma: A National Population-Based Study. Ann. Surg. Oncol. 2008, 15, 1820–1827. [CrossRef] [PubMed]
3. Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 17–48. [CrossRef] [PubMed]
4. Ang, D.C.; Shia, J.; Tang, L.H.; Katabi, N.; Klimstra, D.S. The Utility of Immunohistochemistry in Subtyping Adenocarcinoma of

the Ampulla of Vater. Am. J. Surg. Pathol. 2014, 38, 1371–1379. [CrossRef] [PubMed]
5. Kimura, W.; Ohtsubo, K. Incidence, sites of origin, and immunohistochemical and histochemical characteristics of atypical

epithelium and minute carcinoma of the papilla of vater. Cancer 1988, 61, 1394–1402. [CrossRef]
6. Nappo, G.; Galvanin, J.; Gentile, D.; Capretti, G.; Pulvirenti, A.; Bozzarelli, S.; Rimassa, L.; Spaggiari, P.; Carrara, S.; Petitti,

T.; et al. Long-term outcomes after pancreatoduodenectomy for ampullary cancer: The influence of the histological subtypes and
comparison with the other periampullary neoplasms. Pancreatology 2021, 21, 950–956. [CrossRef]

7. Kim, W.S.; Choi, D.W.; Choi, S.H.; Heo, J.S.; You, D.D.; Lee, H.G. Clinical significance of pathologic subtype in curatively resected
ampulla of vater cancer. J. Surg. Oncol. 2011, 105, 266–272. [CrossRef]

8. Chang, D.K.; Jamieson, N.B.; Johns, A.L.; Scarlett, C.J.; Pajic, M.; Chou, A.; Pinese, M.; Humphris, J.L.; Jones, M.D.; Toon, C.; et al.
Histomolecular Phenotypes and Outcome in Adenocarcinoma of the Ampulla of Vater. J. Clin. Oncol. 2013, 31, 1348–1356.
[CrossRef]

9. Westgaard, A.; Pomianowska, E.; Clausen, O.P.F.; Gladhaug, I.P. Intestinal-type and pancreatobiliary-type adenocarcinomas: How
does ampullary carcinoma differ from other periampullary malignancies? Ann. Surg. Oncol. 2013, 20, 430–439. [CrossRef]

10. Williams, J.L.; Chan, C.K.; Toste, P.A.; Elliott, I.A.; Vasquez, C.R.; Sunjaya, D.B.; Swanson, E.A.; Koo, J.; Hines, O.J.; Reber,
H.A.; et al. Association of Histopathologic Phenotype of Periampullary Adenocarcinomas with Survival. JAMA Surg. 2017,
152, 82–88. [CrossRef]

11. Morris-Stiff, G.; Alabraba, E.; Tan, Y.-M.; Shapey, I.; Bhati, C.; Tanniere, P.; Mayer, D.; Buckels, J.; Bramhall, S.; Mirza, D.
Assessment of survival advantage in ampullary carcinoma in relation to tumour biology and morphology. Eur. J. Surg. Oncol.
2009, 35, 746–750. [CrossRef]

12. Ahn, D.H.; Bekaii-Saab, T. Ampullary Cancer: An Overview. Am. Soc. Clin. Oncol. Educ. Book 2014, 34, 112–115. [CrossRef]
13. Stiles, Z.E.; Behrman, S.W.; Deneve, J.L.; Glazer, E.S.; Dong, L.; Wan, J.Y.; Martin, M.G.; Dickson, P.V. Ampullary adenocarcinoma:

Defining predictors of survival and the impact of adjuvant therapy following surgical resection for stage I disease. J. Surg. Oncol.
2018, 117, 1500–1508. [CrossRef]

14. Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.;
Pereira, S.P.; et al. Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer. N. Engl. J. Med. 2010, 362, 1273–1281.
[CrossRef] [PubMed]

https://doi.org/10.1002/jso.21374
https://doi.org/10.1245/s10434-008-9886-1
https://www.ncbi.nlm.nih.gov/pubmed/18369675
https://doi.org/10.3322/caac.21763
https://www.ncbi.nlm.nih.gov/pubmed/36633525
https://doi.org/10.1097/PAS.0000000000000230
https://www.ncbi.nlm.nih.gov/pubmed/24832159
https://doi.org/10.1002/1097-0142(19880401)61:7&lt;1394::AID-CNCR2820610720&gt;3.0.CO;2-M
https://doi.org/10.1016/j.pan.2021.03.005
https://doi.org/10.1002/jso.22090
https://doi.org/10.1200/JCO.2012.46.8868
https://doi.org/10.1245/s10434-012-2603-0
https://doi.org/10.1001/jamasurg.2016.3466
https://doi.org/10.1016/j.ejso.2008.10.010
https://doi.org/10.14694/EdBook_AM.2014.34.112
https://doi.org/10.1002/jso.25021
https://doi.org/10.1056/NEJMoa0908721
https://www.ncbi.nlm.nih.gov/pubmed/20375404


Biomedicines 2023, 11, 2326 9 of 10

15. Overman, M.J.; Varadhachary, G.R.; Kopetz, S.; Adinin, R.; Lin, E.; Morris, J.S.; Eng, C.; Abbruzzese, J.L.; Wolff, R.A. Phase II
Study of Capecitabine and Oxaliplatin for Advanced Adenocarcinoma of the Small Bowel and Ampulla of Vater. J. Clin. Oncol.
2009, 27, 2598–2603. [CrossRef] [PubMed]

16. André, T.; Tournigand, C.; Rosmorduc, O.; Provent, S.; Maindrault-Goebel, F.; Avenin, D.; Selle, F.; Paye, F.; Hannoun, L.; Houry,
S.; et al. Gemcitabine combined with oxaliplatin (GEMOX) in advanced biliary tract adenocarcinoma: A GERCOR study. Ann.
Oncol. 2004, 15, 1339–1343. [CrossRef] [PubMed]

17. Koprowski, M.A.; Sutton, T.L.; Brinkerhoff, B.T.; Grossberg, A.; Sheppard, B.C.; Mayo, S.C. Oncologic outcomes in resected
ampullary cancer: Relevance of histologic subtype and adjuvant chemotherapy. Am. J. Surg. 2021, 221, 1128–1134. [CrossRef]

18. Conti, R.M.; Bernstein, A.C.; Villaflor, V.M.; Schilsky, R.L.; Rosenthal, M.B.; Bach, P.B. Prevalence of Off-Label Use and Spending
in 2010 Among Patent-Protected Chemotherapies in a Population-Based Cohort of Medical Oncologists. J. Clin. Oncol. 2013,
31, 1134–1139. [CrossRef]

19. Jiang, Z.-Q.; Varadhachary, G.; Wang, X.; Kopetz, S.; Lee, J.E.; Wang, H.; Shroff, R.; Katz, M.; Wolff, R.A.; Fleming, J.; et al. A
retrospective study of ampullary adenocarcinomas: Overall survival and responsiveness to fluoropyrimidine-based chemotherapy.
Ann. Oncol. 2013, 24, 2349–2353. [CrossRef]

20. Patel, M.; Uboha, N.V. Treatment Approach to Adenocarcinoma of the Ampulla of Vater. Curr. Treat. Options Oncol. 2021, 22, 103.
[CrossRef]

21. Von Hoff, D.D.; Ervin, T.; Arena, F.P.; Chiorean, E.G.; Infante, J.; Moore, M.; Seay, T.; Tjulandin, S.A.; Ma, W.W.; Saleh, M.N.; et al.
Increased Survival in Pancreatic Cancer with nab-Paclitaxel plus Gemcitabine. N. Engl. J. Med. 2013, 369, 1691–1703. [CrossRef]
[PubMed]

22. Khorana, A.A.; Mangu, P.B.; Berlin, J.; Engebretson, A.; Hong, T.S.; Maitra, A.; Mohile, S.G.; Mumber, M.; Schulick, R.; Shapiro,
M.; et al. Potentially Curable Pancreatic Cancer: American Society of Clinical Oncology Clinical Practice Guideline Update.
J. Clin. Oncol. 2017, 35, 2324–2328. [CrossRef] [PubMed]

23. Wong, W.; Lowery, M.A.; Berger, M.F.; Kemel, Y.; Taylor, B.; Zehir, A.; Srinivasan, P.; Bandlamudi, C.; Chou, J.; Capanu, M.; et al.
Ampullary cancer: Evaluation of somatic and germline genetic alterations and association with clinical outcomes. Cancer 2019,
125, 1441–1448. [CrossRef]

24. O’Hayer, K.; Farber, J.; Yeo, C.J.; Sama, A.R. HER-2-Positive Ampullary Adenocarcinoma: A Case Report. Case Rep. Pancreat.
Cancer 2015, 1, 7–10. [CrossRef]

25. Kapp, M.; Kosmala, A.; Kircher, S.; Luber, V.; Kunzmann, V. Exceptional Response to Nanoparticle Albumin-Bound Paclitaxel and
Gemcitabine in a Patient with a Refractory Adenocarcinoma of the Ampulla of Vater. Case Rep. Oncol. 2016, 9, 15–24. [CrossRef]
[PubMed]

26. Cen, P.; Wray, C.J.; Zhang, S.; Thosani, N.C.; Dinh, B.C.; Gonzalez, A.; Mohlere, V.; Bynon, J.S. Durable response for ampullary
and duodenal adenocarcinoma with a nab-paclitaxel plus gemcitabine +/− cisplatin combination. Cancer Med. 2019, 8, 3464–3470.
[CrossRef]

27. Yachida, S.; Wood, L.D.; Suzuki, M.; Takai, E.; Totoki, Y.; Kato, M.; Luchini, C.; Arai, Y.; Nakamura, H.; Hama, N.; et al. Genomic
Sequencing Identifies ELF3 as a Driver of Ampullary Carcinoma. Cancer Cell 2016, 29, 229–240. [CrossRef]

28. Gingras, M.-C.; Covington, K.R.; Chang, D.K.; Donehower, L.A.; Gill, A.J.; Ittmann, M.M.; Creighton, C.J.; Johns, A.L.; Shinbrot, E.;
Dewal, N.; et al. Ampullary Cancers Harbor ELF3 Tumor Suppressor Gene Mutations and Exhibit Frequent WNT Dysregulation.
Cell Rep. 2016, 14, 907–919. [CrossRef]

29. Ferchichi, M.; Jouini, R.; Ayari, I.; Koubaa, W.; Chadli-Debbiche, A.; BenBrahim, E. KRAS, NRAS and BRAF analysis of ampullary
adenocarcinoma classified using CK7, CK20, MUC1 and MUC2. J. Gastrointest. Oncol. 2018, 9, 820–827. [CrossRef]

30. A Study to Evaluate Abemaciclib in Advanced Biliary Tract Carcinoma. Available online: https://ClinicalTrials.gov/show/
NCT04003896 (accessed on 1 July 2023).

31. Yoon, J.K.; Lee, J.-S. Cellular signaling and biological functions of R-spondins. Cell. Signal. 2012, 24, 369–377. [CrossRef]
32. Seshagiri, S.; Stawiski, E.W.; Durinck, S.; Modrusan, Z.; Storm, E.E.; Conboy, C.B.; Chaudhuri, S.; Guan, Y.; Janakiraman, V.;

Jaiswal, B.S.; et al. Recurrent R-spondin fusions in colon cancer. Nature 2012, 488, 660–664. [CrossRef] [PubMed]
33. Shinmura, K.; Kahyo, T.; Kato, H.; Igarashi, H.; Matsuura, S.; Nakamura, S.; Kurachi, K.; Nakamura, T.; Ogawa, H.; Funai, K.; et al.

RSPO fusion transcripts in colorectal cancer in Japanese population. Mol. Biol. Rep. 2014, 41, 5375–5384. [CrossRef] [PubMed]
34. AACR Project GENIE Consortium; André, F.; Arnedos, M.; Baras, A.S.; Baselga, J.; Bedard, P.L.; Berger, M.F.; Bierkens, M.; Calvo,

F.; Cerami, E. AACR Project GENIE: Powering Precision Medicine through an International Consortium. Cancer Discov. 2017,
7, 818–831. [CrossRef]

35. Seeber, A.; Kocher, F.; Xiu, J.; Spizzo, G.; Puccini, A.; Swensen, J.; Ellis, M.; Goldberg, R.M.; Grothey, A.; Shields, A.F.; et al.
Molecular landscape of colorectal cancers harboring R-spondin fusions. J. Clin. Oncol. 2019, 37, 3588. [CrossRef]

36. A Study to Evaluate the Safety and Tolerability of ETC-1922159 as a Single Agent and in Combination with Pembrolizumab in
Advanced Solid Tumours. Available online: https://ClinicalTrials.gov/show/NCT02521844 (accessed on 1 July 2023).

37. Study of DS-1062a in Advanced or Metastatic Non-Small Cell Lung Cancer with Actionable Genomic Alterations (TROPION-
Lung05). Available online: https://ClinicalTrials.gov/show/NCT04484142 (accessed on 1 July 2023).

https://doi.org/10.1200/JCO.2008.19.7145
https://www.ncbi.nlm.nih.gov/pubmed/19164203
https://doi.org/10.1093/annonc/mdh351
https://www.ncbi.nlm.nih.gov/pubmed/15319238
https://doi.org/10.1016/j.amjsurg.2021.04.001
https://doi.org/10.1200/JCO.2012.42.7252
https://doi.org/10.1093/annonc/mdt191
https://doi.org/10.1007/s11864-021-00894-5
https://doi.org/10.1056/NEJMoa1304369
https://www.ncbi.nlm.nih.gov/pubmed/24131140
https://doi.org/10.1200/JCO.2017.72.4948
https://www.ncbi.nlm.nih.gov/pubmed/28398845
https://doi.org/10.1002/cncr.31951
https://doi.org/10.1089/crpc.2015.29004.koh
https://doi.org/10.1159/000443304
https://www.ncbi.nlm.nih.gov/pubmed/26933414
https://doi.org/10.1002/cam4.2181
https://doi.org/10.1016/j.ccell.2015.12.012
https://doi.org/10.1016/j.celrep.2015.12.005
https://doi.org/10.21037/jgo.2018.05.03
https://ClinicalTrials.gov/show/NCT04003896
https://ClinicalTrials.gov/show/NCT04003896
https://doi.org/10.1016/j.cellsig.2011.09.023
https://doi.org/10.1038/nature11282
https://www.ncbi.nlm.nih.gov/pubmed/22895193
https://doi.org/10.1007/s11033-014-3409-x
https://www.ncbi.nlm.nih.gov/pubmed/24847761
https://doi.org/10.1158/2159-8290.CD-17-0151
https://doi.org/10.1200/JCO.2019.37.15_suppl.3588
https://ClinicalTrials.gov/show/NCT02521844
https://ClinicalTrials.gov/show/NCT04484142


Biomedicines 2023, 11, 2326 10 of 10

38. Skoulidis, F.; Li, B.T.; Dy, G.K.; Price, T.J.; Falchook, G.S.; Wolf, J.; Italiano, A.; Schuler, M.; Borghaei, H.; Barlesi, F.; et al. Sotorasib
for Lung Cancers with KRAS p.G12C Mutation. N. Engl. J. Med. 2021, 384, 2371–2381. [CrossRef]

39. Chakraborty, S.; Ecker, B.L.; Seier, K.; Aveson, V.G.; Balachandran, V.P.; Drebin, J.A.; D’Angelica, M.I.; Kingham, T.P.; Sigel, C.S.;
Soares, K.C.; et al. Genome-Derived Classification Signature for Ampullary Adenocarcinoma to Improve Clinical Cancer Care.
Clin. Cancer Res. 2021, 27, 5891–5899. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1056/NEJMoa2103695
https://doi.org/10.1158/1078-0432.CCR-21-1906
https://www.ncbi.nlm.nih.gov/pubmed/34433650

	Introduction 
	Case Description 
	Discussion 
	Conclusions 
	References

