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Abstract

Our objective was to explore alteration of the epidermal growth factor receptor signaling pathway 

in ampullary carcinoma. Immunohistochemical studies were employed to evaluate expression of 

amphiregulin as well as expression and activation of epidermal growth factor receptor. A lab 

developed assay was used to identify mutations in the epidermal growth factor receptor pathway 

genes, including KRAS, BRAF, PIK3CA, PTEN and AKT1. Fifty two ampullary carcinomas were 

identified, including 25 intestinal-type and 24 pancreatobiliary-type tumors with the intestinal type 

being associated with a younger age at diagnosis (p=0.03) and a better prognosis (p<0.01). 

Expression of amphiregulin correlated the better differentiation (p<0.01), but no difference was 

observed between two major histologic types. Expression and activation of epidermal growth 

factor receptor was more commonly seen in the pancreatobiliary type (p<0.01). Mutations were 

detected in 50% of the pancreatobiliary type and 60% of the intestinal type. KRAS was the most 

common gene mutated in the pancreatobiliary type (42%) as well as the intestinal type (52%). 

Other mutations detected included PIK3CA, and SMAD4 and BRAF. KRAS mutations at codons 12 

and 13 did not impact adversely on overall survival. In conclusion, epidermal growth factor 

receptor expression and activation were different between intestinal- and pancreatobiliary-type 

ampullary carcinoma. KRAS mutation was common in both histologic types; however, the 

incidence appeared to be lower in the pancreatobiliary type compared to its pancreatic counterpart, 

pancreatic ductal adenocarcinoma. Mutational analysis of the epidermal growth factor receptor 

pathway genes may provide important insights into personalized treatment for patients with 

ampullary carcinoma.
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INTRODUCTION

Ampullary carcinoma arises from the ampulla of Vater, a complex region composed of a 

flask-like structure formed by the confluence of the distal common bile duct and the main 

pancreatic duct, papilla of Vater (junction of duodenal and ampullary mucosa), and the 

duodenal surface of the ampulla[1]. The incidence of ampullary carcinoma is low, 

accounting for less than 1% of all digestive cancer[2]. Although ampullary carcinomas are 

often discovered earlier than other periampullary carcinomas due to their unique location, 

approximately 50% of patients are diagnosed at an advanced, unresectable stage[2]. Surgery 

remains the only curative treatment for these patients. However, local recurrence and/or 

distal metastasis continue to be a significant problem resulting in a five-year survival rate of 

less than 50%. Currently, there are no effective therapies for those with an unresectable 

cancer or for those with recurrence or distal metastasis, and the overall prognosis for patients 

with ampullary carcinoma remains poor.

The ampulla of Vater contains two types of epithelia: pancreatobiliary and intestinal 

epithelia. Kimura et al. first classified carcinomas arising from the ampulla of Vater into 

pancreatobiliary and intestinal histologic types[3]. It has been shown that these two 

histologic types are associated with different premalignant lesions, cell type specific markers 

and oncogene expression. The intestinal type frequently begins with a tubular/villous 

adenoma, has a morphology identical to its colonic counterpart, and is predominantly 

cytokeratin (CK)7−/CK20+/MUC2+/MUC5AC−/CDX2+, whereas most pancreatobiliary 

type starts with flat or micropapillary dysplasia, has a morphology similar to pancreatic 

ductal adenocarcinoma, and is CK7+/CK20−/MUC2−/MUC5AC+/CDX2−[4-10]. This 

histologic differentiation is thought to be one of the most important prognostic factors for 

ampullary carcinoma, with the intestinal type showing a much better prognosis than the 

pancreatobiliary type[4, 11, 12]. However, the molecular genetic basis for the histologic 

difference of ampullary carcinoma remains unclear.

Activation of epidermal growth factor receptor (EGFR) has been implicated in 

tumorigenesis of many solid tumors including colonic adenocarcinoma and pancreatic ductal 

adenocarcinoma[13-18]. In colonic adenocarcinoma and pancreatic ductal adenocarcinoma, 

amphiregulin appears to be a major ligand for EGFR mediated activation of downstream 

oncogenic signaling including the KRAS/BRAF/MARP kinase, the PI3K/Akt/mTOR and 

the JAK/STAT signaling pathways, which contribute to tumor growth and progression 

[18-22]. Genes in the EGFR downstream signaling pathways are frequently mutated in colon 

cancer and pancreatic ductal adenocarcinoma[23-28]. Additionally, mutations of SMAD4, 

also called deletion in pancreatic cancer 4 (DPC4), are detected in both diseases [29-32].

In the present study, we examined the expression of amphiregulin, EGFR and phosphor-

EGFR (pEGFR) in ampullary carcinoma by immunohistochemical studies. Mutation status 

of several genes involved in the EGFR downstream signaling pathways and SMAD4 was 
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also investigated using a lab developed multiplex PCR, multiplex single base extension 

assay and capillary electrophoresis. The expressions and gene mutations were analyzed and 

compared between the two major ampullary cancer histologic types.

MATERIALS AND METHODS

Patient Selection

Between January 1, 1994 and January 31, 2011, 84 patients who underwent biopsy and/or 

radical resection for ampullary adenocarcinoma were identified from our pathology 

databases. Histological blocks were available and sufficient for immunohistochemical 

studies and mutational analyses in 54 subjects, including 51 with resected specimen and 3 

with biopsy specimen only. One patient did not undergo resection due to multiple 

comorbidities. Of the 53 patients who underwent pancreatoduodenectomy (Whipple 

procedure), one died perioperatively. Both cases were excluded from the study. Patient 

demographics and clinical data were collected from the electronic medical record. Pathology 

reports and histological slides were reviewed for tumor location, size, differentiation, 

extension, margin status, presence or absence of perineural and lymphovascular invasion, 

and presence or absence of lymph node metastasis by two pathologists (KM and CS). Some 

of the pathologic features were not assessed in the two cases with no resection specimen 

available. The pathologic slides were also reviewed for pathologic types including: the 

intestinal type composed of intestinal type cancer cells, the pancreatobiliary type composed 

of pancreatobiliary type cancer cells, adenosquamous carcinoma, signet ring cell carcinoma, 

and undifferentiated carcinoma. Long-term survival status was determined by review of the 

medical records and through use of the social security death index. This study was approved 

by our Institutional Review Board.

Immunohistochemistry

Four-μm unstained sections from formalin fixed paraffin embedded tissue were first 

deparaffinized by routine methods. For antigen retrieval, the sections were heated to 105°C 

for 20 minutes in a pH-6.0 citrate buffer for MUC2 (Abcam, Cambridge, Massachusetts; 

dilution: 1:300), CDX2 (Cell signaling, Boston, Massachusetts; dilution: 1:400), and 

amphiregulin (Lab Vision, Kalamazoo, Michigan; dilution: 1:100), or to 98°C for 20 

minutes in a pH-9.0 EDTA buffer for pEGFR (Cell Signaling; dilution: 1:150), and then 

allowed to cool to room temperature. Antigen retrieval was not performed for EGFR (Dako, 

Carpinteria, California; dilution: 1:120) labeling, but the sections were pretreated with 

proteinase for 5 minutes. After the retrievals or the pretreatment, the tissue sections were 

quenched with 3% H2O2 in sodium azide for 5 minutes at room temperature. Primary 

antibodies including anti-amphiregulin, anti-EGFR, and anti-pEGFR were then incubated 

with the tissue sections, followed by antibody localization using the Dako Envision+ HRP-

labeled polymer (DAKO). Staining was visualized by 5 minute incubation with 

diaminobenzidine.

Immunohistochemical stains for MUC2 (membrane labeling), CDX2 (nuclear labeling), 

EGFR (membrane labeling) and pEGFR (membrane and cytoplasmic labeling) were 

considered positive when >5% of the cancer cells are labeled. For amphiregulin 
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(cytoplasmic labeling), the immunohistochemical results were scored by multiplying the 

staining intensity by the proportion of positive cancer cells. The intensity of stain was scaled 

as: 0 (negative), 1 (weak), 2 (moderate), and 3 (strong), while the proportion of positive cells 

was graded as: 0 (<5% positive cells), 1 (5-25%), 2 (25-50%), 3 (50-75%) and 4 (75-100%). 

The maximal immunohistochemical score was 12. Immunohistochemical stains were 

reviewed by two pathologists (KM and CS).

DNA Extraction

DNA was extracted from 3-5 10-micron sections of formalin fixed paraffin embedded tissue. 

In all cases, tissue sections were mounted on slides for macrodissection of tumor enriched 

areas to increase the percentage of tumor burden in the extracted DNA specimen to at least 

20%. Following cell lysis and proteinase K treatment, the DNA was eluted using QIAquick 

spin columns (Qiagen, Valencia, California).

Gene Mutational Analysis

Tumor tissue-derived DNA from 52 ampullary adenocarcinomas was screened for 62 

mutations in 7 cancer genes, including AKT1 (codon: E17), BRAF (codons: G466, G469, 

D594, G596, V600), KRAS (codons: G12, G13, Q61, A146, K117), NRAS (codons: G12, 

Q61), PIK3CA (codons: H1047, E542, E545, Q546, D549), PTEN (codons: R233, R159, 

R267) and SMAD4 (codons: E330, D351, D355, R361), using a lab developed assay. In 

general, the assay includes a multiplex PCR with 100-200 ng of template DNA, a multiplex 

base extension assay including the SNaPshot reaction mixture ((Life Technologies 

Corporation, Carlsbad, California) and mutation detection by capillary electrophoresis on an 

ABI Genetic Analyzer 3130Xl[33]. The assay has a limit of detection at approximately 10%.

Statistical analysis

The primary endpoint, overall survival, was defined as the time from surgery to the date of 

all-cause death or last follow-up. For patients’ demographic and clinical variables, 

continuous variables were summarized using the median with the 25th and 75th percentiles 

(interquartile range), and frequency with percentages for categorical variables. The 

Wilcoxon rank sum test was used for continuous variables, and Fisher’s exact test was used 

for categorical variables to compare the differences between any two groups. The Kaplan-

Meier method and Log-rank test were used in univariate analysis on survival outcome. Cox 

proportional hazard models were used in multivariable analyses to investigate the 

associations between the risk factors and overall survival while adjusting a priori selected 

covariates age and tumor stage. All statistical inferences were assessed at a two-sided 5% 

significant level and all summary statistics, graphics, and survival models were generated 

using R version 2.15 statistical software [34].

RESULTS

Overall Clinicopathological Features

The 52 patients included 19 females (37%) and 33 males (63%) with a median age of 63 

years (interquartile range: 52 to 72 years). Resection specimens were available for analysis 

in 50 cases. The median size of the resected invasive carcinomas was 2.0 cm, ranging from 
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0.2 cm to 7.0 cm. The invasive carcinomas in all cases (n=52) were graded using a four 

grading scale of well differentiated (n=7, 13%), moderately differentiated (n=29, 56%), 

poorly differentiated (n=15, 29%), and undifferentiated carcinoma (n=1, 2%). In the case 

with undifferentiated carcinoma, very focal glandular differentiation was also observed. 

Lymphovascular and perineural invasion were observed in 19 (38%) and 14 (28%) of the 50 

resected specimens, respectively, with 7 cases (14%) showing both lymphovascular and 

perineural invasion. Based on the American Joint Committee on Cancer 7th edition staging 

system for ampullary adenocarcinoma, the 50 resected cases were comprised of 5 stage IA, 

8 stage IB, 8 stage IIA, 28 stage IIB, and 1 stage III. Margin status was able to be assessed 

in 47 cases with 44 (94%) showing negative resection margins (R0 resection), and 3 (6%) 

having a microscopically positive superior mesenteric artery margin (R1 resection) (Table 

1).

Histologic Types

Several histologic types were identified, with intestinal (25/52, 48%, Figure 1A) and 

pancreatobiliary types (24/52, 46%, Figure 1B) comprising the vast majority of the cases. 

All intestinal-type adenocarcinomas were positive for CDX2 expression with (n=19) or 

without (n=6) MUC2 expression. Three mucinous adenocarcinomas expressed both MUC2 

and CDX2, and were included in the intestinal group. Two intestinal-type carcinomas 

harbored focal signet ring cell feature. Eighteen pancreatobiliary-type adenocarcinomas 

were MUC2−/CDX2−, 5 MUC2−/CDX2+(weak and focal), and 1 MUC2+(focal)/CDX2−. 

The 6 cases with either CDX2 or MUC2 expression had a typical morphology of pancreatic 

ductal adenocarcinoma. While most of the pancreatobiliary-type tumors had a morphology 

of tubular (conventional) pancreatic ducal adenocarcinoma, a subset (7/25, 28%) were 

featured by complex branching papillae and secondary micropapillae, composed of cuboidal 

pancreatobiliary-type cells (Figure 1C). According to the 2010 WHO classification of 

tumors of the digestive system, the latter was classified as invasive papillary 

adenocarcinoma, pancreatobiliary-type. Other minor subtypes included 1 signet ring cell 

carcinoma, 1 adenosquamous carcinoma, and 1 undifferentiated carcinoma.

Patients with a pancreatobiliary-type carcinoma were older than those with an intestinal-type 

carcinoma (median 60, interquartile range 50-65, n=25 versus 69, 62-74, n=24; p=0.028). 

However, there was no significant gender difference (p=0.377), with males outnumbering 

females in both groups (Table 2). Pancreatobiliary-type carcinomas tended to be diagnosed 

at a more advanced stage than intestinal-type carcinomas; 46% (11/24) of the patients with 

an intestinal-type cancer were diagnosed with a stage I tumor, whereas majority of the 

patients (21/23, 91%) with a pancreatobiliary-type cancer had either a stage II or stage III 

tumor (p=0.008, Table 2). Median overall survival from date of diagnosis was 110 months 

(73 to NA) and 29 months (16 to NA) for patients with an intestinal-type and a 

pancreatobiliary-type carcinoma, respectively. Univariate analysis showed that the patients 

with a pancreatobiliary-type cancer had a worse overall survival than those with an 

intestinal-type cancer (p=0.013, Figure 2A). When the patients’ age and tumor stage were 

adjusted, compared to those with an intestinal-type cancer, patients with a pancreatobiliary-

type cancer had 2.15 times higher hazard (95% CI: 0.75 to 6.16), though this difference did 

not reach statistical significance (p=0.153).
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Expression of Amphiregulin and EGFR in Ampullary Adenocarcinoma

Amphiregulin, a major ligand for EGFR, was highly expressed in most (43 of 52, 82.7%) 

ampullary adenocarcinomas (Figures 3A and 3B). There was no difference in amphiregulin 

expression between the pancreatobiliary and intestinal groups (p=0.696). However, strong 

and diffuse amphiregulin labeling was more frequently observed in invasive papillary 

adenocarcinoma, pancreatobiliary type (Figures 3B) than in all other cases (6/7, 86% versus 

8/45, 18%; p<0.001). In addition, well and moderately differentiated carcinomas (median 

8.5, interquartile range 4.0 to 12.0, n=36) were more likely to express amphiregulin 

compared to those with poor differentiation and undifferentiation (median 1.0, interquartile 

range 0 to 4.5, n=16, p<0.001). All the 7 invasive papillary adenocarcinomas were 

moderately differentiated. The signet ring cell carcinoma, adenosquamous carcinoma and 

undifferentiated carcinoma showed minimal to no amphiregulin expression.

EGFR expression was detected in 13 of 52 (25%) invasive carcinomas by 

immunohistochemistry (Figure 3C). Ten of 24 (42%) pancreatobiliary-type tumors were 

labeled with anti-EGFR antibody (Figure 3C), whereas only 1 of 25 (4%) intestinal-type 

tumors expressed EGFR. EGFR was more commonly expressed in pancreatobiliary-than in 

intestinal-type tumors (p=0.002). Activated EGFR (pEGFR) was detected in 10 of 52 cases 

(19%) by immunohistochemistry (Figure 3D). Similar to EGFR expression, the activation of 

EGFR was more common in pancreatobiliary-than in intestinal-type tumors (8/24, 33% 

versus 0/25, 0%; p=0.002). Neither EGFR labeling nor activation of EGFR was observed in 

the single signet ring cell carcinoma case. Interestingly, both adenosquamous and 

undifferentiated carcinomas displayed expression and activation of EGFR. The activation of 

EGFR was negatively correlated to amphiregulin expression (p=0.017).

Gene Mutations in Ampullary Adenocarcinoma

One or more mutations were detected in 29 of 52 (56%) tumors (Table 3). As expected, 

KRAS was the most commonly mutated gene detected in ampullary carcinoma; 25 of 52 

(48%) tumors harbored one (n=24) or two KRAS mutations (n=1), including 21 (40%) with 

one (n=20) or two (n=1) mutations at codon 12, 1 (2%) with a codon 13 mutation (p.G13D), 

and 3 (6%) with a codon 61 mutation (p.Q61H). Interestingly, one case carried two different 

types of KRAS mutations, with p.G12R being the major component and p.G12D the minor 

component, suggesting tumor heterogeneity.

Among the 25 cases with KRAS mutation, 20 (20/52, 38%) had mutation only in the KRAS 

gene. The other 5 (5/52, 10%) tumors contained coexisting mutation(s) in one or two other 

genes: 2 with a PIK3CA exon 9 mutation, 2 with a SMAD4 mutation, 1 with both SMAD4 

and PIK3CA exon 9 mutation. In the case with 3 gene mutations, KRAS p.G12C mutant cells 

accounted for the majority of the cells tested, while only approximately 20% of the cells 

harbored PIK3CA and SMAD4 mutations (Figure 4).

Six of 52 cases (12%) had a mutation in PIK3CA, all in exon 9 (5 p.E545K and 1 p.Q546R). 

Three of them had coexisting mutations in other genes: 2 KRAS, and 1 KRAS+SMAD4. 

While PIK3CA can be the only EGFR pathway gene mutated in ampullary carcinoma, 

SMAD4 mutation seemed to be only detected in the tumors with one or more mutations in 
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other genes. Three of 52 cases (6%) harbored a SMAD4 mutation, all of which had 

coexisting mutations in KRAS and/or PIK3CA.

Multiple BRAF mutations were analyzed; however, p.V600E is the only mutation detected, 

and only one case contained the mutation. Curiously, this mutation was detected in one 

invasive papillary adenocarcinoma, pancreatobiliary-type. Unexpectedly, no intestinal-type 

tumors (0/25, 0%) had BRAF mutation identified. No mutation was detected in NRAS, PTEN 

and AKT1.

Twelve of 24 (50%) pancreatobiliary-type tumors harbored one mutation in the genes tested, 

including 7 (7/24, 29%) in KRAS codon 12, 3 (3/24, 13%) in KRAS codon 61, 1 (1/24, 4%) 

in PIK3CA codon 545, and 1 (1/24, 4%) in BRAF codon 600. Among the 7 pancreatobiliary-

type invasive papillary adenocarcinomas, only two (29%) contained either a KRAS or a 

BRAF mutation. On the other hand, 10 of 17 (59%) pancreatobiliary-type tumors with 

conventional ductal adenocarcinoma morphology had either KRAS or PIK3CA mutation. 

However, statistically there was no difference in the mutation frequency between the two 

morphologies (p=0.37).

Fifteen of 25 (60%) intestinal-type tumors had one or more mutations. These included 8 

(32%) with one (n=7) or two mutations (n=1) in KRAS codon 12 only, 5 (20%) with a 

mutation in KRAS codon 12 or 13 plus a mutation in PIK3CA and/or SMAD4, and 2 (8%) 

with a mutation in PIK3CA codon 545 only. KRAS mutation was seen in 13 of 25 (52%) 

intestinal-type versus 10 of 24 (42%) pancreatobiliary-type tumors. There was no significant 

difference in KRAS mutation status between the two groups (p=0.57).

Mutations in KRAS codons 12 and 13 have been reported to be a prognostic factor for 

colonic adenocarcinoma with the mutations being associated with a poor prognosis. The 

effect of KRAS codon 12 and 13 mutations on overall survival of the patients with ampullary 

carcinoma was assessed using a Kaplan-Meier analysis, which demonstrated no association 

with overall survival (Figure 2B). Median (95% CI) for overall survival from date of 

diagnosis was 45 months (31 to NA) and 44 months (18 to NA) for patients with a tumor 

with the mutations and for those with a tumor without the mutations (p=0.811).

DISCUSSION

Ampullary carcinomas with intestinal and pancreatobiliary differentiation comprised of the 

vast majority of carcinomas arising in the ampulla of Vater. While some studies 

demonstrated that intestinal-type ampullary carcinomas were associated with a better 

prognosis compared to the pancreatobiliary type[11, 12], others reported that stage by stage, 

they tended to have the same prognosis[7, 25, 35]. Our results were largely consistent with 

both findings; univariate analysis showed that patients with a pancreatobiliary-type cancer 

had a worse overall survival compared to those with an intestinal-type carcinoma, whereas 

the difference in overall survival became not so significant when the patients’ age and tumor 

stage were adjusted. Interestingly, our study showed that patients diagnosed with a 

pancreatobiliary-type carcinoma were older than those with an intestinal-type carcinoma. 

Older age may partly confer a poorer survival in patients with a pancreatobiliary-type tumor.
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Based on the location, Adsay et al. recently classified ampullary carcinomas into 4 different 

subtypes 1) intra-ampullary carcinoma arising in intra-ampullary papillary-tubular 

neoplasms; 2) ampullary-ductal infiltrative carcinoma that are presumably due to the 

pancreatobiliary histology/origin; 3) Peri-ampullary-duodenal carcinoma with significant 

adenoma component; and 4) ampullary carcinoma-not otherwise specified arising at the 

papilla of Vater[1]. According to the above classification, the majority of ampullary 

adenocarcinomas in this series were either ampullary-ductal infiltrative carcinomas or 

ampullary carcinomas-not otherwise specified. The 7 invasive papillary adenocarcinomas 

may be classified as intra-ampullary carcinomas. Intra-ampullary carcinomas were 

associated with a lower TMN stage, and were more likely to be intestinal type in Adsay’s 

study[1]; however, 6 of the 7 cases in our series were T3N1M0, and all of them were 

pancreatobiliary type.

EGFR ligands are overexpressed in majority of colonic adenocarcinomas, with amphiregulin 

being the EGFR ligand with the most enhanced expression[36]. Amphiregulin has been 

shown to stimulate EGFR activation and tumor cell growth in colon cancer cell lines [20]. In 

addition, amphiregulin expression may be related to disease-free survival and liver 

metastasis[36-40]. In pancreatic ductal adenocarcinoma, amphiregulin has been 

demonstrated to be involved in the tumor progression through the activation of EGFR[19, 

41]. Amphiregulin is also a potential target for pancreatic cancer therapy[19, 42]. 

Additionally, negative expression of amphiregulin was reported to be associated with a 

unfavorable prognosis in pancreatic cancer[43]. The present study showed that amphiregulin 

was frequently expressed by both pancreatobiliary- and intestinal- type ampullary 

carcinoma. Expression of amphiregulin was associated with better differentiation. However, 

no difference in amphiregulin expression was observed in two major histologic types. Other 

variants of ampullary carcinoma including adenosquamous carcinoma, signet ring cell 

carcinoma and undifferentiated carcinoma displayed no to little amphiregulin expression.

Enhanced EGFR expression is also observed in both colorectal cancer and pancreatic ductal 

adenocarcinoma[13-18]. EGFR overexpression and activation were detected in up to 50% of 

colonic adenocarcinomas[44, 45]. However, the expression and activation of EGFR may be 

infrequent in intestinal-type ampullary carcinomas, as only one intestinal-type tumor 

expressed EGFR and none of them had activation of EGFR detected by 

immunohistochemistry. On the other hand, a significant portion of pancreatobiliary-type 

ampullary carcinomas had expression and/or activation of EGFR detected by 

immunohistochemistry. These results suggest that EGFR may play different roles in 

carcinogenesis of the two histologic types. In addition, our results demonstrated that positive 

pEGFR expression was associated with lower amphiregulin expression, indicating that 

amphiregulin may not be a major contributor for activation of EGFR in ampullary 

adenocarcinoma.

Frequencies of KRAS, BRAF, and PIK3CA mutations have been described in carcinomas of 

pancreatobiliary origin. The reported prevalence of KRAS mutation in extrahepatic 

cholangiocarcinomas ranges from 0-100%, whereas BRAF and PI3KCA mutations have 

been consistently rare in all studies[46-49]. One study specifically looked into mutational 

spectrum of 13 carcinomas of the distal common bile duct and found no mutations in these 
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three genes[48]. Like extrahepatic cholangiocarcinoma, mutations in BRAF and PIK3CA are 

also infrequent in pancreatic ductal adenocarcinoma; however, KRAS is almost universally 

mutated in this cancer[50-52]. A few studies have investigated mutations of KRAS and 

BRAF in ampullary carcinoma. While 20-67% of ampullary carcinomas harbor KRAS 

mutation, only up to 10% have a mutation in BRAF[4, 53, 54]. Only one study examined 

PIK3CA mutation in ampullary carcinomas and reported no PIK3CA mutations in 21 

cases[54]. Consistent to these studies we observed approximately 50% of ampullary 

carcinomas with one or two KRAS mutations and only one case (2%) with a BRAF mutation. 

In addition, we also detected PIK3CA mutation in 10% of the cases.

As described above, activating mutations in the KRAS proto-oncogene occur almost 

ubiquitously in pancreatic ductal adenocarcinoma[51], with the vast majority of the 

mutations occurring at codon 12. On the contrary, we only observed KRAS mutations in 10 

of 24 (42%) pancreatobiliary-type carcinomas: 7 (29%) at codon 12 and 3 (13%) at codon 

61. Mutation at KRAS codon 61 is a rare event in pancreatic ductal adenocarcinoma. These 

data suggest that KRAS may play different roles in carcinogenesis of pancreatobiliary-type 

ampullary carcinoma and pancreatic ductal adenocarcinoma. On the other hand, our data 

showed that pancreatobiliary-type ampullary carcinoma frequently expressed EGFR and in 

some cases activated EGFR was detected by immunohistochemistry. Therefore, it is rational 

to postulate that anti-EGFR therapy may be effective at least for some pancreatobiliary-type 

ampullary carcinomas, in contrast to pancreatic ductal adenocarcinoma, where essentially no 

response is observed due to an almost universal KRAS mutation. Therefore, KRAS 

mutational analysis of ampullary carcinoma could guide treatment of patients with advanced 

stage ampullary carcinoma.

In the pancreatobiliary histologic type, invasive papillary adenocarcinoma variant showed a 

unique histologic morphology[55]. The tumors were composed of cuboidal pancreatobiliary 

type cancer cells, and therefore were classified as pancreatobiliary type. Rather than forming 

tubular structures seen in conventional pancreatic ductal adenocarcinoma, the cancer cells 

formed a complex architecture with prominent secondary micropapillae. The subgroup was 

strongly associated with amphiregulin overexpression, with 6 of 7 cases being intensely and 

diffusely labeled with anti-amphiregulin antibody. KRAS mutation was only detected in 1 of 

7 (15%) of these cases, and one tumor harbored a BRAF V600E mutation. It appeared that 

the molecular mechanism underlying this subgroup is different from that of ampullary 

adenocarcinoma with a morphology similar to pancreatic ductal adenocarcinoma; however, 

the sample size is small, and therefore a definitive difference cannot be determined.

Approximately 50% intestinal-type ampullary carcinomas had a mutation in the KRAS gene, 

which is compatible with colonic adenocarcinoma. Similar to colonic adenocarcinoma, a 

PI3KCA mutation was detected in about 20% of intestinal-type ampullary carcinoma, with 

some of the mutations coexisting with a KRAS and/or a SMAD4 mutation[23, 24, 27]. BRAF 

mutation is detected in 10-15% of colonic adenocarcinomas [23, 56-58]. In our series, none 

of 25 intestinal-type cancers harbored a mutation in the BRAF gene. It is well known that 

BRAF gene mutation is more frequently seen in colon cancers that follow a serrated 

pathway. Our data suggests that the serrated pathway is rarely involved in carcinogenesis of 

ampullary carcinoma.

Mikhitarian et al. Page 9

Mod Pathol. Author manuscript; available in PMC 2014 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In conclusion, alterations in the EGFR signaling pathway are frequently present in 

ampullary carcinoma. KRAS mutation is common; however, compared with conventional 

pancreatic ductal adenocarcinoma, the incidence of KRAS mutation is lower in 

pancreatobiliary-type ampullary carcinoma. Therefore, anti-EGFR therapy might be 

effective in some ampullary carcinomas, including both histologic types. Mutational 

analysis of the EGFR pathway genes in ampullary carcinoma may provide valuable 

information for cancer treatment.
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Figure 1. 
Major histologic types of ampullary carcinoma. A. Intestinal type (hematoxylin and eosin, 

original magnification 200×); B. Pancreatobiliary type with conventional pancreatic ductal 

adenocarcinoma morphology (hematoxylin and eosin, original magnification 100X); C. 

Invasive papillary adenocarcinoma, pancreatobiliary type (hematoxylin and eosin, original 

magnification 100×).
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Figure 2. 
Effect of histologic types and KRAS mutation status on survival. A. Kaplan-Meier survival 

analysis of patients with intestinal- and pancreatobiliary-type ampullary carcinoma. B. 
Kaplan-Meier survival analysis of patients with a KRAS-wild type (WT) and a KRAS G12/13 

mutant tumor.
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Figure 3. 
Expression of amphiregulin, EGFR and phosphor-EGFR (pEGFR). A. 
Immunohistochemical labeling for amphiregulin of the tumor in Figure 1A (original 

magnification 200×); B. Immunohistochemical labeling for amphiregulin of the tumor in 

Figure 1C (original magnification 100×); C. Immunohistochemical labeling for EGFR of the 

tumor in Figure 1B (original magnification 200×); D. Immunohistochemical labeling for 

pEGFR of the tumor in Figure 1B (original magnification 200×).
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Figure 4. 
An intestinal-type ampullary carcinoma with multiple gene mutations. A. An hematoxylin 

and Eosin section of the tumor showing invasive carcinoma arising in a tubular adenoma 

(Hemotoxylin and eosin stain, original magnification 100×); B. A panel showing mutations 

in KRAS and PIK3CA; C. Another panel showing a mutation in SMAD4.
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Table 1
Overall Patient Demographics and Clinicopathologic Features

All cases (N=52)*

Age (years) 63 (52 - 72)

Sex

Male 33 (63)

Female 19 (37)

Differentiation

Well 7(13)

Moderately 29 (56)

Poorly 15 (29)

Undifferentiated 1 (2)

Invasive tumor Size (cm, n=50) 2.0 (1.2 – 3.2)

Tumor stage (n=50)

Stage IA 5 (10)

Stage IB 8 (16)

Stage IIA 8 (16)

Stage IIB 28 (56)

Stage III 1 (2)

LVI and PNI (n=50)

LVI only 12 (24)

PNI only 7 (14)

LVI+PNI 7 (14)

Neither LVI nor PNI 24 (48)

Resection margin status (n=47)

Positive 3 (6)

Negative 44 (94)

Abbreviations: LVI-lymphovascular invasion; PNI-perineural invasion.

*
Median (interquartile range) for continuous variables and N (%) for categorical variables
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Table 2
Patient Demographics, Tumor Stage, Alterations in the EGFR Signaling Pathway and 
Survival in Patients with Pancreatobiliary- and Intestinal-Type Ampullary 
Adenocarcinoma

Intestinal (n=25) Pancreatobiliary
(N=24)*

P Value

Age (years) 60 (50 – 65) 69 (62 – 74)
0.028

*

Sex 0.377
2

Female 44% (11) 29% ( 7)

Male 56% (14) 71% (17)

Tumor stage 0.008
2

I 46% (11) 9% ( 2)

II-III 54% (13) 91% (21)

AR immunohistochemstry
score

8 (3 – 12) 5 (2 – 12)
0.696

*

EGFR 0.002
2

Positive 4% ( 1) 42% (10)

Negative 96% (24) 58% (14)

pEGFR 0.002
2

Positive 0% ( 0) 33% ( 8)

Negative 100% (25) 67% (16)

Gene mutation 0.223
2

KRAS codons 12 and 13 52% (13) 29% ( 7)

Other mutation 8% ( 2) 21% ( 5)

No mutation 40% (10) 50% (12)

Overall survival status 0.021
2

Alive 60% (15) 25% ( 6)

Dead 40% (10) 75% (18)

Follow up time (months) 52 (29 – 83) 27 (14– 69)
0.093

1

Abbreviations: EGFR - epidermal growth factor receptor; AR - amphiregulin; pEGFR - phosphor-EGFR

*
:Median (interquartile range) for continuous variables and N (%) for categorical variables

1
:Wilcoxon test

2
:Fisher’s exact test
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