
Abstract. Solid-pseudopapillary neoplasm of the pancreas
(SPN) is a rare neoplasm that is typically indolent in nature.
Surgical resection is the preferred method of treatment and
often associated with a good prognosis. Local invasion and
metastasis have been reported in a small subset of patients.
Currently, there are limited data on the molecular mutation
profile of invasive and metastatic SPN. In this report, we
present the case of a 38-year-old female with a locally-
invasive and unresectable SPN that, despite exhaustive
chemoradiotherapy, progressed to liver metastasis.
Pyrosequencing of the primary pancreatic tumor antecedent
to metastasis showed an uncommon EGFR mutation at
L861Q in the kinase domain of exon 21. This finding, if
confirmed in additional cases of metastatic SPN, would
support preoperative testing for EGFR mutation analysis to
detect aggressive SPNs. 

Solid-pseudopapillary neoplasm (SPN) is a rare tumor of the
pancreas that accounts for 2% of exocrine pancreatic tumors
and 5% of cystic pancreatic tumors (1). The majority of
SPNs have an indolent clinical course with 31.7% of patients
asymptomatic prior to diagnosis (2). SPN can be diagnosed
prior to surgical intervention using ultrasound, CT, MRI and
PET/CT. The rate of diagnosis using imaging alone has been
reported to be approximately 23.7% (2). Surgical resection
is the preferred treatment of SPN and is predominantly
curative. 

Approximately 10-15% of SPN are invasive (1). Tumor
invasiveness can range from involvement of the surrounding
organs and vascular structures to distant metastasis (3).
Multiple studies have reported rare cases of SPNs with liver
metastasis. In one study of 187 SPNs, only 4 were found to
have metastasis to the liver. All four patients were female
and had an age range of 20-72 years. Each patient with
metastases underwent surgical resection with good
postoperative recovery (4). In unresectable patients with
evidence of local advancement or metastasis, neoadjuvant
therapy has been shown to reduce symptoms, lower tumor
burden and improve quality of life. 

The mechanism causing malignant behavior in SPNs is
currently unknown. Yeh et al. reported that three malignant
SPNs displayed membranous ezrin expression (5). Ezrin is a
cytoskeletal cross-linking protein. It is suggested that ezrin
acts as an enhancer in the epidermal growth factor receptor
(EGFR) pathway. Inhibition of erzin resulted in reduced levels
of EGFR expression (5). Another study involving 10 cases of
SPN (benign, n=8 and malignant, n=2) showed that seven of
the SPN tumors showed strong expression of epidermal
growth factor (EGF). In contrast, all 10 of the cases had weak
or no EGFR expression, irrespective of the tumor’s behavior
or EGF expression (6). This may explain the less malignant
potential of SPN compared with other pancreatic cystic
neoplasms and invasive ductal carcinoma (6). Due to the
limited amount of cases reported in the literature, it is difficult
to draw a final conclusion on EGF, EGFR expression and
EGFR somatic mutations in malignant SPNs. 

L861Q is found on exon 21 of the EGFR tyrosine kinase
domain. L861Q is an uncommon EGFR somatic mutation that
has been shown to occur in 2% of lung adenocarcinomas with
EGFR mutations (7). L861Q mutations cause sensitization to
tyrosine kinase inhibitors (TKI), such as gefitinib and
erlotinib. Patients with sensitizing EGFR mutations have been
shown to respond significantly better to TKI therapy and had
a significantly longer progression free survival than those with
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other rare EGFR mutations (8). However, a study of 225
patients who received gefitinib demonstrated that uncommon
EGFR mutations such as L861Q or G719S are not as
responsive as more common mutations, such as L858R (9). To
date there have been no studies on EGFR mutations and the
response rate of TKI in cases of metastatic SPN. We present
here the first documented case of a SPN with an L861Q
mutation that may confer sensitivity to TKI therapy and
produce therapeutic results in a tumor that has proven difficult
to treat with conventional therapy. 

Case Report

A 32-year-old female presented to her primary care physician
with eight months of fatigue and 20-pound weight loss. On
physical examination she was found to have a large palpable
abdominal mass. A CT scan confirmed the presence of a
19×15 cm abdominal neoplasm. CT-guided biopsy with
cytology touch preps, which included immunohistochemistry
for beta-catenin showing nuclear expression, confirmed the
diagnosis of SPN of the pancreas (Figures 1 and 2B). The
follow-up endoscopic ultrasound showed that the tumor had
multiple vascular collaterals surrounding it. PET scan revealed
intense hypermetabolic activity within the tumor with an SUV
max of 27.9. A high-resolution CT scan of the pancreas
showed compression of the inferior vena cava, the superior
mesenteric artery and the left renal vein with mass effect on
the portal vein and the duodenum. In addition, there were
signs of impending gastric outlet obstruction. The patient was
scheduled to have an exploratory laparotomy and a Roux-en-
Y gastrojejunostomy. During the procedure, the SPN was
found to encase the middle colic vein and superior mesenteric

artery, preventing resection. The postoperative recovery from
the gastrojejunostomy was complicated due to the patient
developing massive hematemesis caused by GI bleeding.
Approximately 19 units of packed red blood cells had been
transfused in order to stabilize her condition. The patient
subsequently developed aspiration and respiratory failure. She
was intubated and placed on a ventilator. The GI bleeding was
controlled by the performance of a selective arterial
embolization of a branch of the gastroduodenal artery by
interventional radiology. The patient recovered and was started
on gemcitabine cisplatin. She completed 34 subsequent
courses. Follow-up imaging studies confirmed that tumor had
reduced in size to 11.6×10.1 cm and developed central
necrosis. A second exploratory surgery was performed and
despite tumor shrinkage, the superior mesenteric vessels were
still encased by the tumor. The patient received 54 Gy and
resumed maintenance with gemcitabine and Avastin. A follow-
up CT scan identified the presence of liver metastasis. The
patient was started on FOLFOX and despite chemotherapy,
multiple rounds of microwave ablation and transarterial
chemoembolization, continues to have multiple persistent liver
lesions to the present day (Figure 2A).

A formalin-fixed paraffin embedded tumor sample
antecedent to metastasis and the initiation of chemoradiation
was submitted for Pyrosequencing mutational analysis for
EGFR, KRAS, NRAS, PIK3CA and BRAF using the
QIAGEN PyroMark Q96 MD (performed at the H. Lee Moffitt
Cancer Center and Research Institute). An EGFR L861Q
mutation was the only mutation identified. There was a visible
nucleotide base substitution of adenine for thymine, resulting
in a missense mutation resulting in glutamine, instead of
leucine at position 861 within exon 21 of EGFR (Figure 3).
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Figure 1. FNA of the mass showing tumor cells lining a hyalinized fibrovascular (H&E) core and with cell sloughing (Diff-Quik).
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Figure 2. After therapy a CT scan confirmed multiple persistent liver metastases (A), confirmed by FNA showing cells with pseudo-papillary
arrangements, cytoplasmic vacuoles and nuclear grooves (B).

Figure 3. Pyrosequencing of the pre-treatment/pre-metastatic aggressive SPN showing a mutation (substitution) at position 861, from (CTG) to
(CAG).



This mutation was found by Pyrosequencing mutational
analysis of a second SPN that did not metastasize. This result
was confirmed after the biopsy tissue was retested for EGFR
mutations. Additional mutation analysis could not be
performed with next generation sequencing (NGS) due to an
insufficient quantity of remaining pre-therapeutic tissue. 

Discussion

We report on a case of a metastatic SPN with an EGFR
L861Q mutation that has not been previously described in
the English literature. 

Metastatic SPNs constitute a very rare subclass of patients.
The tumor biology behind the aggressive behavior,
chemotherapy resistance and metastasis of SPN is presently
unknown. This lack of information can be primarily attributed
to the scarcity of cases available for molecular studies. Of the
limited literature that is available, whole exome sequencing of
SPN has revealed a strong association with activating
mutations in between codons 32 and 37 of CTNNB1. There
have been reports of other aberrations within the Wnt pathway
leading to SPN, such as two cases of SPN caused by germline
APC mutations have been reported in patients with Familial
Adenomatous Polyposis (FAP). Furthermore through analysis
of mRNA and miRNA expression, 1686 differentially
expressed genes were observed in 14 SPNs compared to
normal pancreatic parenchyma; which upregulated the Wnt,
NOTCH, Hedgehog (HH) pathway, androgen-receptor (AR)
pathways as well as epithelial mesenchymal transition (10-13).

While this is the first report of a EGFR L861Q mutation in
a metastatic SPN, this type of EGFR mutation has been
reported in other tumor types, predominantly found in
pulmonary tumors and most commonly in Non-Small Cell
Lung Cancer (NSCLC) (per cBioPortal, accessed May 10,
2017) (14, 15). Uncommon EGFR mutations make up
approximately 10% of all EGFR mutations in NSCLC, the
most common of which includes L861Q (2%) (16). A study
of 194 patients with lung adenocarcinoma has also shown an
association between EGFR L861Q and smoking status (7, 17).
A case report of a patient with EGFR L861Q-mutated NSCLC
reported concomitant increased gene copy numbers of ALK,
MET, and ROS1 (18). EGFR L861Q has also been reported
as the most frequent mutation (25%) found in a study of 20
patients with pulmonary mucoepidermoid carcinoma (19). 

In NSCLC, the presence of EGFR L861Q is believed to
represent a potential biomarker for sensitivity to EGFR inhibitors
(20). Preclinical in vitro studies in cell lines have described
EGFR L861Q mutations possessing an oncogenic activity
similar to that of the EGFR L858R mutation, and possibly
having sensitivity to afatinib or osimertinib (21). A study
evaluating treatment of EGFR L861Q-mutated NSCLC with
afatinib had demonstrated an objective response rate of 56.3%
and a median progression free survival of 8.2 months (22). These

data may suggest investigation using EGFR inhibitors on other
EGFR L861Q-mutated tumors, including aggressive SPNs. 

An analysis of the Clinical Genomics Action Committee
(CGAC) database at the Moffitt Cancer Center, revealed that out
of 2,306 patients with multiple tumor types having associated
comprehensive genomic profiling , 3 patients (0.13%) had EGFR
L861Q mutations (2 patients that were former smokers with lung
adenocarcinoma and 1 patient with GBM) (23).

In conclusion, we report a rare mutation associated with a
rare cancer type. As NGS assays become more inexpensive
and more widely available, a larger number of aggressive
SPN will undergo comprehensive genomic profiling. NGS
testing may reveal a gene mutation pattern that will lay the
foundation for a standardized treatment plan for these
difficult and surprisingly resilient neoplasms.
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