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1. Introduction 

The term “periampullary cancer” (PAC) refers to neoplasms originating from four different 

anatomic locations within 2 cm of the ampulla of Vater (AoV): (a) adenocarcinoma of the head 

of the pancreas, (b) ampullary cancer, (c) duodenal cancer, and (d) distal bile duct cancer. 

Obstructive jaundice is the common symptom of cancers located in the vicinity of the AoV. (1) 

In the ampullary/periampullary region, the pancreatobiliary epithelium of the common bile duct, 

pancreatic duct, and common channel merge into the intestinal epithelium of the duodenum. This 

is thought to be the reason why this region represents a hot spot for carcinogenesis, together with 

the fact that this region is also exposed to biliary juice, pancreatic juice, and duodenal juice. (2) 

Among various morphological subtypes in PAC, the pancreatobiliary (PB) and intestinal 

subtypes are the most common. The distal CBD and pancreatic adenocarcinoma (PDAC) present 

with the PB subtype, whereas duodenal adenocarcinoma (DC) presents with the intestinal 

subtype. Ampullary carcinoma may present with either PB or intestinal subtypes as it is situated 

at the epithelium junction. (2) PB subtype is aggressive pathology as compared to intestinal 

subtype. This is supposed to be because of the difference in genomic alterations between these 

two subtypes. (3) 

The magnitude of genetic abnormalities in periampullary carcinoma has a vast spectrum. This 

includes chromosomal abnormalities, point mutations, epigenetic silencing, etc. However, only a 

small group of mutations are predominantly required for tumor initiation and progression. Some 

of these mutations are more common in either the PB subtype or intestinal subtype. (4) Earlier 

detection of these mutations may have management and prognostic significance.  

Kirsten rat sarcoma virus (KRAS) mutation and Human epidermal growth factor receptor 2 

(HER2) are among the earliest mutations in the pathogenesis of PAC. Their frequencies and 

prognosis vary in literature among various subtypes of PAC and population-based analysis in 

different countries. (5) Targeted therapies are being used to manage PDAC; however, their use in 

pathological and morphological subtypes of PAC may need further evaluation. There is no study 

that evaluated the genomic alteration in PAC in the Indian population to our knowledge.  
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Our study evaluates the frequencies of KRAS and HER2 mutations and their relation with 

clinico-pathological outcomes in periampullary carcinoma in patients undergoing 

pancreatoduodenectomy. 
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2. AIM and OBJECTIVES 

Aim 

To study the prevalence of KRAS and HER2 mutations in periampullary carcinoma and their 

relation with clinico-pathological outcomes post PD.  

 

Objectives 

Primary objective 

To study the prevalence of two selected gene mutations (KRAS and HER2) in periampullary 

carcinoma undergoing PD. 

Secondary objective 

To evaluate the relation of two selected gene mutations status (KRAS and HER2) in post PD 

specimen (as detected by FISH) with clinico-pathological parameters including age, T-stage 

(T1 or T2 or T3 or T4), N-stage (negative v positive nodal status), grade (well to moderate v 

poor), morphology (I-type v PB-type), invasion into vascular and lymphatic structures, and 

perineural growth. 
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3. Review of Literature 

PACs encompass a heterogeneous group of tumors. The term “periampullary cancer” (PAC) 

refers to neoplasms originating from four different anatomic locations within 2 cm of the AoV. 

(1) 

Anatomy of the ampullary region and its significance:  

The AoV is a small but complex anatomical landmark. Abraham Vater first described it as 

‘papilla duodeni’ (1684-1751). However, it was later named after him for his discovery. Its 

function remained largely unknown for two centuries until its sphincteric function was 

elaborated by Ruggero Oddi (1866–1913) in his landmark article ‘D’une disposition a sphincter 

spécial de L'Ouverture du canal choledoche (1887). (6) 

The AoV is the junction of the pancreatic, biliary and digestive tracts. It contains (a) the junction 

of the common bile duct (CBD) and pancreatic duct (PD); (b) sphincteric of Oddi (SoO); (c) 

system traversing the duodenal wall, and (d) terminating at the major papilla. The papilla 

presents as a polypoid prominence 5 mm to 10 mm in length and 5 mm in width, hidden by 

transverse, circular, duodenal folds. The junction of CBD and PD has three types of 

presentations: A.  common duct, 1- 8 mm in length (60%); (2) a “double-barreled” opening at 

major papilla (38%); and (3) two distinct duodenal openings for both ducts (2%). (7,8)  

The AoV is the junction of the different epithelial lining of the gastrointestinal tract, the 

duodenal mucosa covering the papilla; the pancreatic ductal epithelium and that of the distal 

CBD; and the epithelium lining the common channel. In the transitional area, different cell types 

could be seen intimately mixed. These different mixed epithelia and bile & pancreatic juices 

make the AoV a potential site for carcinogenesis.  The most common site of cellular atypia is 

found in the area of the common pancreato-biliary channel, followed by the pancreatic duct, 

duodenal epithelium, and Brunner's glands. (9) 

Clinical features of periampullary carcinoma:  

Macroscopically, the PAC may have three presentations; (1) intramural protruding (intra-

ampullary), (2) extramural protruding (periampullary), and (3) ulcerating ampullary.  Either of 

these presentations may obstruct biliary and pancreatic ducts, leading to subsequent symptoms.  
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Painless progressive jaundice is the most common and classical presentation in PAC as lesion 

obstructs the biliary tract (90-100%). It is also the same reason for the early presentation of PAC 

compared to Pancreatic duct adenocarcinoma (PDAC) of the pancreas's head, body, and tail. 

Along with jaundice, the passage of clay color stools is also a prominent symptom in PAC 

patients. Approximately 30-40% of patients present with cholangitis, in which patients may 

initially present with fever with chills and rigor.  

The classical reported, “waxing and waning” of obstructive jaundice is encountered in only one-

third of patients. It is mainly seen in ampullary carcinoma, which causes jaundice but 

subsequently tumor partially sloughs off due to necrosis which leads to the waning of jaundice.  

This tumor slough is associated with melena due to bleeding associated with tumor necrosis. 

Other symptoms like gastric outlet obstruction (GOO) are rarely seen in PAC compared to 

PDAC, but if present, suggest advanced disease.  

Icterus is the most common sign, with scratch marks on the trunk and extremities due to the 

pruritus from the subcuticular deposition of bile salts, high colored urine, and pale stools are 

pathognomonic of these tumors. The classic physical findings of left supraclavicular adenopathy 

(Virchow node), periumbilical adenopathy (Sister Mary Joseph node), or a firm circumferential 

rim of tumor at the top of the rectum on digital rectal examination (Blumer-shelf from drop 

metastases) are found only with advanced, disseminated disease.  

Clinico-pathological presentation of PAC:  

Due to its complex anatomy and physiology, the periampullary region may give rise to various 

neoplasms with dramatic symptoms. These neoplasms may range from benign to malignant 

neoplasms. Adenocarcinomas (75%) are the most common neoplasms arising in the 

periampullary region, followed by benign neoplasms like adenomas (20%) and neuroendocrine 

tumors (~5%). (9) 

As far as adenocarcinomas (ADCs) are concerned, the true incidence of origin of ADC as per 

their site is difficult to evaluate as a tumor arising from duodenal mucosa may infiltrate the AoV 

and give an impression of ampullary carcinoma, and the same may go vise-versa also.  

However, histological differentiation of PAC is of prime importance as the overall survival (OS) 

depends upon the site of tumor origin. The DC has the best prognosis among all PACs, followed 
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by ampullary carcinoma and distal cholangiocarcinoma (DCCA). The pancreatic variant of PACs 

has the worst prognostic among all. (10) 

Although some authors have questioned whether this outcome reflects different biology for 

periampullary carcinoma, as opposed to simple detection at an earlier stage or earlier onset of 

symptoms, even ampullary carcinoma patients with positive lymph nodes have better survival 

than any other group of pancreatic carcinoma patients. However, it is also evident that these 

carcinoma subtypes have a difference in their clinico-pathological presentations, which may 

explain the difference in their OSrates.  

Lymph node involvement is a critical, independent parameter affecting OS. A recent multicenter 

analysis demonstrated that LN involvement is the most critical adverse factor affecting OS and 

disease-free survival (DFS). (11) PDAC have been associated with higher LN involvement (70-

90%) as compared to AC (30-70%). (10,12) Whereas 60-70% and 40-50% cases of DC and 

DCCA have shown LN involvement, respectively. (13–15)  

Apart from LN involvement, numbers of involved LNs have been shown to affect survival. (16) 

Recently, American Joint Committee on Cancer (AJCC) panel had updated its TNM staging 

guidelines in its 8th edition. Latest N staging changes include quantitative stratification. 

Metastasis to regional lymph nodes is now sub-divided into N1 and N2. N1 and N2 are classified 

as 1-3 and > 4 lymph nodes involved, respectively. (17) It was postulated that an increased 

number of positive lymph nodes had been associated with poorer OS.  

However, some authors have argued that lymph node ratio (LNR) may provide a better 

prognostic assessment than a quantitative-based system. LNR >0.2 is associated with poor OS in 

resected PDAC and PACs. (18,19) Some authors have shown that LNR > 0.1 and > 0.056 are 

associated with high recurrence-free survival in PACs. (20,21) 

Perineural invasion (PNI) is another independent prognostic marker associated with poor OS. 

The overall frequency of PNI in PAC has been reported in 15-35% in the literature.  However, 

their frequency may differ in various subtypes of PACs. In AC, PNI is reported in 15-22% cases, 

whereas in PDAC, DC, and DCCA, it is reported in >90%, 40%, and 80-90% of cases, 

respectively. (22–24) Despite differences in frequencies among all anatomical subtypes, PNI is 

associated with poor survival. AC with PNI may have a similar prognosis as PDAC, in which the 
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majority of patients have PNI. (23) PNI is also highly correlated with tumor volume, location, 

depth of invasiveness, angiogenesis, and lymph node involvement. (24)  

Several biomarkers have been studied in periampullary carcinoma. CA 19-9 and CEA are the 

most commonly used and validated tumor antigens. CA19-9 is a sialylated Lewis A blood group 

antigen tumor marker, universally used in pancreato-biliary carcinomas. Its normal value is 0-37 

U/ml. It is the best validated and most clinically useful tumor marker to be used in PDAC. (25) It 

is used for early detection, response assessment, prognostication, and surveillance in PDAC. In 

symptomatic patients, it has good sensitivity and specificity of 70-80% and 80-90%, 

respectively. However, limited studies have reported its use in PAC in western literature. 

Recently, Park et al. (2021) have described that elevated CA 19-9 levels are independently 

associated with poor OS in PAC [56 months vs. 25 months (p < 0.05)]. (26)  Similarly, other 

studies have shown that higher CA 19-9 levels correlate with higher T stage, nodal status, and 

metastasis. (27,28) 

CEA is another tumor marker whose levels are proposed to correlate with prognosis. It is most 

widely studied in colo-rectal carcinomas, and its use in pancreato-biliary malignancies is limited. 

Its normal range is 0-5 ng/ml. However, higher normal values may be seen in males, smokers, 

and elderly patients. It is primarily absorbed at the biliary ductal epithelium of bile ducts so that 

false elevated values may be seen in biliary obstruction.  Limited studies have reported its use in 

PACs. Park et al. (2021) reported that elevated CEA levels did not correlate with poor OS in 

PAC. (26) However, some authors argue that CEA levels have significance in DAC rather than 

other variants of PAC. Schiergens et (al 2017) reported the potential prognostic role of CEA 

levels in DACs.  (24, 25)  

Morphological analysis of Periampullary carcinoma: 

Recent advances in knowledge of the genetic mutations and morphology showed a new era for 

the assessment and management of PAC. Kimura et al. (1994) first proposed two morphological 

sub-types of PACs- intestinal subtype and pancreatobiliary (PB) subtype. (2) First, an intestinal 

subtype showed close similarity to tubular adenocarcinoma of the stomach or colon, and second, 

the PB subtype was characterized by papillary projections with scant fibrous cores. (3,30) They 

also noted the difference in survival between patients with these two morphological subtypes as 

the I subtype showed better OS than the PB subtype. (3,31,32) 
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This morphological sub-classification is now proposed as a better predictor of OS than 

anatomical location.  Also, this can overcome difficulties in distinguishing these carcinomas 

based on histology alone, as even poorly differentiated carcinomas sustain the histological 

marker profile of their mucosa of origin. (33) PB subtype occurs in PDAC and DCCA, whereas 

intestinal subtype is more common in DAC. AC may have any of subtypes depending upon 

underlying genetic alteration. (26, 31) 

Overall the intestinal subtype is the most common morphological subtype in PAC. (10) It arises 

from the intestinal mucosa, which covers the papilla, originates the intestinal subtype with well-

formed tubular glands, complex cribriform areas, and solid nests, resembling colic carcinoma. 

(2,10,34)  These tumors are composed of cribriform glands with cells having pseudostratified, 

elongated nuclei, showing luminal necrosis. (10) This epithelium might be arising through an 

adenoma-dysplasia-adenocarcinoma sequence related to colon cancer.  (35) 

Contrary, the PB subtype arises from the simple mucinous epithelium of the distal common bile 

duct, the distal pancreatic duct, or the common ampullary duct with simple or branching glands 

and small solid cell-nests enclosed by desmoplastic stroma. (32,34,35) 

The incidence of PB and intestinal subtypes are quite variable in the literature. Kimura et al. 

(1994) showed that the intestinal and PB subtypes were found in 25% and 72% of cases, 

respectively, (2) Whereas studies from the Memorial Sloan-Kettering Cancer Center (2014) and 

Carter et al. (2008) found that the Intestinal and PB subtypes accounted for 49% and 22%, and 

46% and 45%, respectively. (30,36) 

In his meta-analysis, Kim et al. (2012) evaluated the correlation between clinico-pathological 

parameters and morphological types in resectable AC. Of the 104 patients, 42 (40.4%) and 62 

(59.6%) patients had intestinal and PB subtypes of AC. Patients with the PB subtype showed 

significantly poorer disease-free survival than patients with the intestinal type (3- and 5-year 

DFS rates were 50.6% versus 80.0% and 47.8% versus 73.1%, respectively; P < 0.003). Also, the 

PB subtype was associated with advanced T stage, higher positive LNs, and higher 

lymphovascular invasion. (37) 

Westgaard et al. (2008) did a unique analysis among various PAC subtypes. The authors 

compared clinico-pathological parameters between intestinal subtype AC and DAC & PB 
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subtype AC and PDAC and DCCA. Both PB and intestinal subtypes had similar adjusted OS 

compared to DAC and PDAC, respectively. However, PDAC tumors had larger tumor size, LN 

metastasis, and PNI than PB type AC and DCCA (p <0.01). On the contrary, the DAC tumor had 

a similar histopathological outcome to intestinal subtype AC (P > 0.1). (3) 

Recently, Zimmermann et al. (2019) published the most extensive series, which evaluated the 

prognostic significance of the morphological types in PACs. Among 119 patients, PB and 

intestinal subtype AC were seen in 69 (58%) and 41 (34.5%) patients. Mixed type AC was seen 

in ~ 8% of patients. PB subtype AC had significantly worse five years OS than intestinal subtype 

(27.5% versus 61%, p <0.001). The mean OS of patients with PB, intestinal, and mixed subtype 

was 52.5, 115, and 94.7 months, respectively (p< 0.001). PB type was also associated with 

advanced T stage, higher positive LNs, and higher PNI, but CA 19-9 and CEA levels were 

comparable among three morphological subtypes. (32)  

On the other hand, few studies did not find any survival difference between PB and intestinal 

subtype AC.  

One of the recent analyses from Tata Memorial Hospital (TMH) showed no OS difference 

between intestinal and PB subtype of AC when the patient was treated with resection followed 

by Gemcitabine chemotherapy. PB subtype (n= 105) had significantly higher stage II/III, PNI, 

and positive LN involvement as compared to intestinal subtype AC (n= 109), but when both 

groups received adjuvant chemotherapy, OS difference was not significant (p = 0.355). (38) 

Similarly, Lothe IMB et al. (2019) reported OS, disease-free survival (DFS) among PB, 

intestinal subtype AC and DAC patients. PB subtype AC had significantly shorter OS and DFS 

than intestinal subtype AC (43 vs 75 months, p < 0.036 & 29.4 vs 30.7 months, p < 0.02). But on 

stratification per tumor stage, PB and intestinal subtypes did not have a difference in OS.(39)   

Role of immuno-histochemistry (IHC) in morphological analysis:  

Modern-day pathology was revolutionized nearly a century ago after discovering the IHC 

technique. In this technique, antibodies detect specific proteins (antigens) on tissue blocks. This 

antigen-antibody reaction can be visualized under a light microscope as the antibody carries 

immunofluorescence.  
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Cytokeratins (CK) and mucoproteins (MUC) are structural proteins expressed by epithelial cells. 

Their structural and bio-chemical variations are tissue-specific which may help to differentiate 

among various morphologically undifferentiating neoplasia of different epithelial origins. Along 

with this, now it is also used in detecting site of origin, prognostication, and therapeutic 

indications in some diseases.  

Role of mucins in PAC: Mucins are glycoproteins expressed at cell membranes. Their structural 

difference is in oligosaccharide side chains comprising N-acetyl-galactosamine, which binds via 

an O-glycosidic linkage to specific amino acids, occurring in tandem repeats. Mucins are 

classified according to their structure and function as either “membrane-bound” or “secreted.”  

The membrane-bound MUC class contains mucins MUC1, MUC3, MUC4, MUC12, MUC13, 

MUC16, MUC17, and MUC21, whereas the secreted MUC class includes MUC class mucins 

MUC2, MUC5AC, MUC5B, MUC6, and MUC7. Both of them are used for tissue-specific 

analysis via IHC. 

Carcinogenesis may develop by accumulating several genetic and epigenetic lesions, some of 

which may affect encoding for mucins. Specific mucin patterns have been studied in different 

neoplasms of ductal origin. 

MUC1: MUC1 expression was first reported in 1991 in PDAC. In PAC, it has shown a strong 

correlation with the PB subtype. It is shown to be 100% specificity for PB type. So, It is now 

considered a biomarker for PB subtype and PDAC. It is also associated with advanced stage of 

the tumor, LN metastasis, PNI, vascular infiltration, and worse OS. (40) One recent study by 

Kulkarni et al. (2017) reported that quantitative IHC positivity correlate with tumor grade as 

immunoreactivity was 40%, 61%, 64% in well-differentiated, moderately differentiated, and 

poorly differentiated pancreato-biliary carcinomas, respectively. (41) Zhou et al. (2004) 

proposed that MUC1 expression may affect patient prognosis by inhibiting the formation of the 

E cadherin and beta-catenin complex, which would then decrease intercellular adhesion and 

promote the invasion and metastasis of tumors. (42) 

MUC2: MUC2 was first reported in 2001 and reported to be highly specific for intestinal 

morphological subtypes. (43) Ang et al. (2014) reported the use of IHC in subtyping PACs. In 

this study, intestinal morphology was characterized by MUC2 positivity. (36) Similarly, 

Kulkarni et al. (2017) reported 100% specificity of MUC2 for the intestinal subtype. (41) Few 
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studies have studied the MUC2 role for survival assessment. Kitamura H et al. (1996) reported a 

positive correlation of MUC2 expression and OS and a negative correlation for MUC1. (44) 

Role of cytokeratins in PAC:  

Cytokeratins (CKs) are also cytomembrane proteins sub-classified based upon their structural 

difference. Though different types of CKs have been studied in pancreato-biliary malignancies, 

few studies have recently evaluated their role in PAC morphological subclassification and 

prognostication. Among the wide range of CKs, CK7, CK19, CK20, and CDX2 have been 

studied in PACs: 

CK7: CK7 positivity was found in PB subtype PAC tumors and a relatively common finding 

between intestinal subtype PAC tumors. (36) Morini et al. (2013) reported that CK7 was found 

positive in > 50% of intestinal subtype PACs despite being a PB-specific cytokeratin marker. 

(45) On the contrary, Perysinakis et al. (2016) showed that CK7 had lower sensitivity and 

specificity than MUC1 for differentiation of PB subtype in PAC. Despite all these mixed results, 

CK7 remains an important CK marker for differentiating PB subtypes in PACs, mainly if used 

with MUC1. (46) 

CK20: Kawabata et al. (2010) evaluated the role of CK20 and MUC1 in the differentiation of 

PAC tumors. They found CK20+/MUC1− expression in 100% intestinal subtype and 

CK20−/MUC1+ expression in 94% PB subtype. Perysinakis et al. (2016) (2017) studied the role 

of different MUCs and CKs in the morphological differentiation of PACs. The study reported 

higher sensitivity and specificity of CK20 than MUC2 for differentiation of intestinal subtypes. 

Univariate analysis showed that expression of CK20 (p = 0.065) and CDX2 (p = 0.008) predicted 

a more favorable prognosis, although the association between CK20 and survival was only 

slightly significant. Multivariate analysis of the same study group in 2017 indicated CK20 and 

MUC1 as independent predictors of morphological differentiation. (46) (47) 

CDX2: In a recent study by Niraj Kumari et al. (2013), CDX2 was associated with high 

specificity to intestinal subtype. The author studied CK7, CK20, MUC1, and CDX2 IHC 

expression in 91 patients of PACs. Among them, CDX2 was highly specific for intestinal 

subtype with a sensitivity of 89.5% and specificity of 100%, and it was also the only factor 

affecting OS in multivariate analysis (CDX2+ median survival 44 months vs. CDX2– median 
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survival 22 months, p =0.03). (48) Similarly, Westgaard et al. (2008) found CDX2 to be positive 

in 54.3% intestinal-type and 14.9% PB subtype, with a sensitivity of 54% and specificity of 85%. 

Sessa et al. (2007) reported 100% sensitivity and 70% specificity of CDX2 IHC for the intestinal 

subtype. (3,49) de Paiva Haddad et al. (2010) studied a wide range of CKs and MUCs for 

morphological differentiation of PACs. The authors reported that CDX2 expression was seen in 

86% intestinal-type and 21.3% pancreatobiliary type, with 86% sensitivity and 78.7% specificity. 

(50) 

CK19: Limited studies were used to evaluate the morphological differentiation of PACs. CK19 

shows higher specificity to the PB subtype than the intestinal subtype. Zapata et al. (2007) 

reported that out of 25 cases of PDAC, CK19 showed diffuse cytoplasmic positivity in 23 cases. 

Thus it can be a specific marker for PB subtypes. (51) 

KRAS and HER2 mutation in periampullary carcinoma 

The magnitude of genetic abnormalities in periampullary carcinoma has a vast spectrum. This 

includes chromosomal abnormalities, point mutations, epigenetic silencing, etc. (4,52) However, 

among these, only a small group of mutations are predominantly required for tumor initiation as 

well as progression. Some of these mutations are more common in either PB or intestinal 

subtype. (4) Earlier detection of these mutations may have management and prognostic 

significance.  

Morphological differentiation of carcinoma may be directly used for appropriate adjuvant 

therapy. The intestinal type may get expected results with FOLFOX therapy, whereas the PB 

type may benefit from Gemcitabine-based therapy. (53) However, the study of genetic alterations 

may provide add-on information for prognosis and the need for targeted therapy. 

Being an early-stage mutation, KRAS may be shared between these subtypes. It is the most 

common oncogenic mutation in PDAC and other biliary cancers. It occurs in 90-95% of these 

carcinomas; however, the frequency in AC and DA is slightly low (30-35%). (54) It codes for 

GTPase, which is involved in MAPK and PI3K/Akt signaling pathways, leading to abnormal 

growth factors production. Most KRAS mutation was located at codon 12, and the most common 

mutation types were G12D and G12V. (55,56) Among all the histological and morphological 

subtypes, KRAS mutation has a highly variable frequency in literature. (55–58) Schultz et al. 

(2012) showed that frequencies of KRAS were 80% and 67% in PDAC and A-AC, respectively. 
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(55) Chung et al. (1996) showed that 40% of patients with A-AC had KRAS mutation, whereas 

Jarnagin et al. (2017) showed that KRAS mutation is present in 90-90% of PDAC patients. 

(54,57) 

In early literature, the mutation was associated with poor prognosis in PAC but not in patients 

with PDAC. (55–58) However, a recent meta-analysis demonstrated that KRAS mutation was a 

potential poor prognostic marker for PDAC.(58)(59). Lundgren et al. (2019), retrospective 

cohort of 175 patients with resected PAC, showed the incidence of KRAS mutation 45% with its 

significant association with reduced OS in intestinal subtype tumors (P = .018), but not in PB 

subtype tumors. (59) 

The association between KRAS mutation and histological subtype was analyzed in a few studies. 

Mikhitarian et al. (2014) analyzed the frequency of KRAS mutation in PAC and reported that 

intestinal and PB subtype cancers had 52% and 42% incidence, respectively. (60) Contrary, 

Hechtman et al. (2015) showed an increased frequency of KRAS mutation in the PB subtype 

cancers (61% vs. 29% intestinal). (61) Targeted therapy is available for wild-type KRAS 

mutation patients. Hence, low incidence of this mutation may provide good results using EGFR 

targeted therapy in duodenal and ampullary carcinoma as seen in wild type of metastatic colon 

carcinoma. (62) 

HER2 or ERBB2 is human epidermal growth factor 2 and is involved in MAPK, PI3K, STAT, 

PLC, and PKC pathways via tyrosine kinase signaling. (5) Overexpression of this gene is 

associated with the unregulated proliferation of cells. There is limited literature on HER2 

overexpression in PDAC. Also, the incidence of HER2 overexpression has varied widely (7–

82%), likely because of differences in methodology and patient selection as these studies have 

primarily included patients with early-stage, resected disease, focusing on the role of HER2 in 

precursor lesions. (63,64)  Sarfran et al. (2001) showed that HER2 overexpression was more 

common in metastatic lesions; however, there was no association between the grade of 

carcinoma. (65,66) However, no study in our knowledge evaluated the association of 

morphological changes in PACs with HER2 mutation. One study had evaluated the role of 

Trastuzumab with Gemcitabine for HER2 positive PDAC with limited success. (66) However, 

evaluation of this mutation in PAC may facilitate the use of targeted chemotherapy 

(Trastuzumab) in this set of patients. 
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4. Methods and materials 

Study design 

 It is a Single-center, In-hospital, prospective, uncontrolled, observational study.  

 All the patients undergoing pancreatoduodenectomy (PD) for periampullary carcinoma and 

meeting inclusion criteria during the study period will be recruited from the Department of 

Surgical Gastroenterology at AIIMS, Jodhpur. 

Place of study  

The study was carried out in the Department of Surgical Gastroenterology, Pathology, and 

Anatomy at the All India Institute of Medical Sciences (AIIMS), Jodhpur. 

Time of study  

January 2020 - September 2021 

Study Population 

A total of 30 patients were recruited in the study.  

Ethics Approval 

Ethical approval for this study was obtained from the AIIMS Ethics committee with reference no 

AIIMS/IEC/2019-20/952. 

Inclusion criteria 

a) Patients who undergo pancreatoduodenectomy for periampullary carcinoma and 

confirmation made by histopathology. 

b) Patient age > 18 years 

Exclusion criteria 

a) Patients who undergo palliative bypass 

b) With PNET tumors, benign CBD stricture, chronic pancreatitis induced pancreatic head 

mass. 

c) Patients with carcinoma of the head of the pancreas 

d) ASA grade > 3 
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Methodology 

The study was carried out in the Department of Surgical Gastroenterology, Pathology, and 

Anatomy, All India Institute of Medical Sciences, Jodhpur.  A total of 30 patients who visited the 

Surgical Gastroenterology OPD were recruited under the study protocol. After assessing the 

inclusion and exclusion criteria and taking consent, patients were taken up for surgery. 

Counseling  

All patients were provided with a patient information leaflet and were counseled regarding: 

 Surgical management of periampullary carcinoma 

 Benefits and procedure-related details of pancreatoduodenectomy 

 The  concept of genetic/mutational analysis  

 Benefits of genetic/mutational analysis of KRAS and HER2 

Pre-operative workup 

Informed consent 

The patients were explained about the purpose of the study. A detailed written informed consent 

was taken. 

History  

The patients with obstructive jaundice/cholangitis were evaluated. History for the mode of onset, 

progression, and duration of jaundice with any associated symptoms like pain, fever, nausea, 

vomiting, etc., were evaluated. The patient's demography and comorbidities like hypertension, 

diabetes mellitus, and others were noted. All the parameters were noted in the patient’s 

proforma. 

Physical examination:  

 General physical examination 

 Abdominal examination 
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Investigations:  

A. Laboratory investigations 

 Complete blood count      

 Liver function tests 

 Renal function tests 

 Serum electrolyte 

 Prothrombin time/INR 

 Tumor markers (CA19-9 and CEA) 

B. All patients underwent a comprehensive multi-disciplinary evaluation, which included- 

 Radiologist evaluation – A pancreatic protocol CT examination.  

 Pre-operative anesthesia evaluation– To rule out associated risk factors and 
immediate /delayed morbidity. 

 Medical gastroenterology evaluation: For side-viewing endoscopy ± biopsy of tumor 
and ERCP and CBD stent placement for jaundice (optional). 

 Pathology – Pre-operative assessment of biopsy (if done).  

Imaging  

 Patients were subjected to a Chest radiograph as a part of a pre-anesthesia check-up. 

 Patients were subjected to pancreatic protocol CT for assessment of :  

o Tumor morphology 

o Local extent 

o Vascular anatomy and involvement 

o Lymph node involvement 

o Rule out distant metastasis etc. 

Operative workup 

Pre-operative preparation  

 Perioperative antibiotic prophylaxis was given in the form of Inj. Cefoperazone - 

sulbactam 1.5gm half an hour before surgery and then continued for three days till patient 

allowed oral soft diet.  
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Decision for a surgical procedure- 

 Decisions for surgical procedures were made based on the patient’s general condition, 

clinical examinations, radiological findings of CT.  

 All patients underwent pancreatoduodenectomy as per standardized protocol in the 

Department of Surgical Gastroenterology, AIIMS Jodhpur. 

Different methods of Pancreato-duodenectomy were employed in the study population:- 

A) Open 

B) Laparoscopic assisted 

C) Robotic-assisted 

D) Total robotic 

Post-operative management- 

In the immediate post-operative period, patients were kept in the recovery room. After proper 

evaluation and clearance from anesthetics, the patients were shifted to the ward. Patients were 

started on oral liquids after 2-3 days of the post-operative period in the ward. Then, patients were 

subsequently introduced to semi-solid and solid foods. Patients were managed actively in the 

ward for any surgical complication in the Department of Surgical Gastroenterology as per 

standardized protocols. On discharge, all patients were prescribed oral medications after full 

recovery. 

Histopathology- Post-operative histopathological examination and morphological sub-

classification of PAC tumors were done in the Department of Pathology, AIIMS, Jodhpur as per 

standard protocols. (Figure 1-5) 

 All the clinic-pathological parameters of the study population were filled in the patient 

proformas.  

Immunohistochemistry of mucin and cytokeratin markers:  (Figure 6-11) 

Sample processing, staining, and immunohistochemistry 

1) Steps of block preparation and section cutting    

After the representative sections were taken from the specimen or the cores placed in cassettes, 

tissue was processed through various stages. 

1. Dehydration was carried out by passing the biopsy/sections through a series of ascending 

grades of ethyl alcohol 50%, 70%, 95%, and absolute alcohol. 
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2. The clearing was done by passing the tissue through xylene, two changes. 

3. Impregnation was done in molten paraffin wax, which had a melting point of 54 – 62˚C. 

4. Embedding: An embedding station (Leica EG 1150 H) was used through which a small 

amount of liquid paraffin was layered into aluminium molds. Properly oriented tissues were 

placed inside the molds, then filled with liquid paraffin (60 – 62˚C and allowed to cool and 

harden. The lower portion of the cassette with the identification number was used as the final 

block.   

5. Microtomy: Microtome (Leica-RM 2255) was used, and thin ribbons (4 µm) were cut and 

floated in warm water (~56˚C) for expansion of the curled sections. These sections were then 

collected on frosted glass slides and kept for drying. 

 

2) Staining of sections: (For H and E Stain)  

1. Deparaffinization – The glass slides containing the tissue sections were kept over a hot plate 

at 60 0C for 10 minutes, followed by two changes in xylene (Xylene I & Xylene II), 10 

minutes each. 

2. Hydration – Through graded alcohol (100%, 95%, 70%, 50%) to water, 10 minutes each. 

3. Hematoxylin – The sections were kept in Harris’s hematoxylin for 5 minutes. 

4. Washing – The sections were washed well in water for 2 minutes. 

5. Differentiation – Done in 1% acid alcohol (1% HCl in 70% alcohol) for 10 seconds. 

6. Washing – Done under running tap water (usually 15 – 20 minutes) until the sections ‘blue’. 

7. Eosin – Stained in 1% eosin Y for 10 seconds. 

8. Washing – Done in running tap water for 2 minutes. 

9. Dehydration – Through graded alcohol (50%, 70%, 95%, 100%), 10 minutes each. 

10. Clearing –Through xylene (Xylene II & Xylene I), 2 minutes each. 

11. Mounting – The sections were mounted in DPX with a cover slip. 

Results: 

 Nuclei – blue/black 

 Cytoplasm – varying shades of pink 

 Muscle fibers – deep pink/red 

 Red blood cells – orange/red 

 Fibrin – deep pink 
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3) Immunohistochemistry   

Steps of IHC staining: 

A. Preparation of Buffer–Two types of buffers were used 

1. Wash Buffer: 6 gm powdered TRIS buffer salt was dissolved into 1 liter of distilled 

water, and pH was set at 7.4. 

2. Antigen Retrieval Buffer (ARB): 6.05 gm TRIS salt and 0.744 gm EDTA salt were 

dissolved in 1 liter of distilled water, pH was set at 9.0. 

NOTE: 

 To increase the pH, NaOH solution was added drop by drop, and pH was titrated. 

 To decrease the pH, HCl was added drop by drop, and pH was titrated. 

 

B.  Preparation of Poly-L-Lysine Solution (PLL Solution): 

 1 ml of PLL was diluted with 9 ml of distilled water (1 in 10 dilutions). 

 

C. Slide Coating Procedure: 

Step 1: Diluted PLL solution was taken in a clean container/Coplin jar 

Step 2: Both sides of the glass slides were cleaned with tissue paper 

Step 3: The clean slides were immersed in PLL solution for 5 minutes 

Step 4: After 5 minutes, the coated slides were removed and kept overnight for air dry. The 

coated slides were kept at room temperature. Tissue sections of 4 µ thickness were obtained on 

the PLL coated slides. 

Baking: The slides were kept at 60˚C for 1 hour and then cooled to room temperature. 

 

IHC staining procedure  

Step 1: Deparaffinization – 

• The slides were kept in Xylene I (10 minutes), followed by Xylene II (10 minutes). 

Step 2: Rehydration – 

• The slides were kept in 100% alcohol for 5 minutes, followed by 70% alcohol for 5    

minutes and 50% alcohol for 5 minutes. 

Step 3: Running tap water for 5 minutes 
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Step 4: Antigen retrieval – by pressure cooker method  

200 ml of clean tap water was taken in the empty pressure cooker and heated up to the steam 

formation. The slides were placed in a rack. 300 ml of ARB was put in the container, and the 

rack with slides was placed inside the container. Then the container containing the rack with 

slides was placed inside the pressure cooker, and the lid was closed. After two whistles, the 

pressure was released by lifting the air vent and cooling until it reached room temperature. 

Step 5: Wash – Slides were washed in Wash Buffer (pH7.4) thrice at a 1-minute interval. 

Step 6: Peroxide blocking – Blocking reagent was added to the sections and incubated for 10 

minutes in the Humidity chamber at room temperature. This step prevents unwanted, non-

specific background staining. 

Step 7: The peroxide was decanted and not washed with buffer 

Step 8: Wash – After that, slides were washed in Wash Buffer (pH 7.4) thrice at a 1-minute 

interval. 

Step 9: Amplifier – Amplifier was added over the sections and incubated for 30 minutes in the 

Humidity chamber at room temperature. 

Step 10: Wash – The slides were washed in Wash Buffer (pH 7.4) thrice at a 1-minute interval. 

Step 11: HRP label – The HRP was added and incubated for 30 minutes in the Humidity 

chamber at room temperature. 

Step 12: Wash – The slides were washed in Wash Buffer (pH 7.4) thrice at a 1-minute interval. 

Step 13: DAB – The DAB chromogen was applied to the sections and incubated in the Humidity 

chamber for 10 minutes, avoiding light exposure as much as possible. 

Step 14: Wash – The sections were washed in distilled water twice at a 1-minute interval. 

Step 15: Counterstain – Slides were counterstained using Harris hematoxylin for 2-3 minutes. 

Step 16: Wash – The slides were washed in running tap water for 5 minutes. 

Step 17: Dehydration – was done in graded alcohol (50%, 70%, 95%, 100%), 1 minute each. 

Step 18: Mounting – Slides are air-dried, mounted with DPX, and examined under the 

microscope. 

IHC was performed using commercially available ready-to-use antibodies. With each batch, 

appropriate controls were also run.  
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Antibodies used in IHC:  

Marker Antibody Clone 

MUC1 Thermo-scientific E29 

MUC2 Dako CCP58 

CK7 Thermo-scientific OV-TL 12/30 

CK19 Thermo-scientific A53-B/A2.26 

CK20 Thermo-scientific KS 20.8 

CDX2 Dako DAK-CDX2 

 

FISH protocol for KRAS and HER2 mutational analysis:  

1) Steps of block preparation and section cutting  

After the representative sections were taken from the specimen or the cores, tissue was processed 

as follows:  

1. Dehydration was carried out by passing the sections through a series of ascending grades 

of ethyl alcohol, from 50%, 70%, 95% to absolute alcohol. 

2. Clearing was done by passing the tissue through two changes of xylene. 

3. Impregnation was done in molten paraffin wax, which had a melting point of 54 – 62˚C. 

4. Embedding: Embedding station (Leica EG 1150 H) was used through which a small 

amount of liquid paraffin was layered into aluminium moulds. Properly oriented tissues were 

placed inside the moulds, which were then filled with liquid paraffin 60 – 62˚C and allowed to 

cool and harden. The lower portion of the cassette with the identification number was used as the 

final block.   

5. Microtomy: Microtome was used, and thin ribbons (3 µm) were cut and floated in warm 

water (~56˚C) for expansion of the curled sections. These sections were then collected on frosted 

glass slides and kept for drying. 

2) Staining of sections: (For H and E Stain) 

1. Deparaffinization – The glass slides containing the tissue sections were kept over a hot 

plate at 60 ˚C for 10 minutes, followed by two changes in xylene (Xylene I & Xylene II), 10 

minutes each. 

2. Hydration – Through graded alcohol (100%, 95%, 70%, 50%) to water, 10 minutes each. 

3. Haematoxylin – The sections were kept in Harris’s Haematoxylin for 5 minutes. 
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4. Washing – The sections were washed well in water for 2 minutes. 

5. Differentiation – Done in 1% acid alcohol (1% HCl in 70% alcohol) for 10 seconds. 

6. Washing – Done under running tap water (usually for 15 – 20 minutes) until the sections 

‘blue’. 

7. Eosin – Stained in 1% Eosin Y for 10 seconds. 

8. Washing – Done in running tap water for 2 minutes. 

9. Dehydration – Through graded alcohol (50%, 70%, 95%, 100%), 10 minutes each. 

10. Clearing –Through xylene (Xylene II & Xylene I), 2 minutes each. 

11. Mounting – The sections were mounted in DPX with a cover slip. 

Steps for Fluorescent in situ Hybridization (FISH) (Figures 13-16) 

1. Cut 5 µm of tissue sections onto salinized slides, incubate at 56°C overnight. 

2. Treat with xylene 2 × 10 min to remove wax. Xylene solutions should be changed 

regularly to avoid the build-up of wax residues.  

3. Rehydrate slides through 100%, 85%, and 70% alcohols, 1 min each wash. Wash in 

running tap water, rinse in distilled water. 

4. Pretreat with 0.2 N HCl for 20 min, then wash in distilled water for 3 min 

5. Place slides in 8% sodium thiocyanate in distilled water at 80°C for 30 min. 

6. Wash in 2X saline citrate buffer (dissolve 175.3 g NaCl and 88.2 g sodium citrate in 800 

mL distilled water, pH to 7.0 with 10 M NaOH, make up to 1 L with distilled water, autoclave; 

dilute 1:10 with distilled water for 2X SSC) for 3 min. 

7. Digest in 0.5% pepsin in 0.2 N HCl at 37°C for 26–32 min. The digestion time will 

depend on the tissue used. We used a digestion time of 30 min. 

8. Immerse slides in distilled water for 1 min and saline citrate buffer for 5 min. 

9. Dehydrate slides through 70%, 85%, and 100% alcohol, 1 min in each alcohol. Air-dry. 

10. Apply Vectashield with 0.5 μg/mL 4,6-diamidino-2-phenylindole-2 hydrochloride 

(DAPI) added, and then apply coverslips.  

11. View with a fluorescence microscope that incorporates a filter block specific for the 

excitation and emission wavelengths of DAPI. 

12. Place slides in 2X SSC pH7.0 buffer until the coverslips fall off, then dry in an oven at 

45°C before proceeding with in situ hybridization 
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For K-RAS 

KRAS FISH analysis was performed using spectrum green-labeled chromosome enumeration 

probe 12(CEP12), and a spectrum orange labeled KRAS locus-specific (RP11-29515) probe. 

Amplification was defined as a KRAS/CEP12 ratio of >2.  

Chromosome 12 hyperploidy was defined as >40% cells with >2CEP12 signals. 

Chromosome 12 monosomy was defined as >40% cells with one CEP signal. 

For HER 2  

The scoring and evaluation for in situ hybridization was performed by counting HER2 and 

CEP17 signals from 100 nuclei per case.  

Non-tumor tissue (normal colon mucosa) was used as a negative internal control. Samples with a 

HER2/CEP17 ratio > 2.0 were considered amplified (positive). 

 

Statistical analysis 

All data were acquired in a specified format as in proforma and entered in SPSS v 26/MS-Excel 

software for analysis. Measured data were expressed as median with interquartile range (IQR) at 

the 25th and 75th percentiles or as percentages. Proportions were compared using Chi-square, 

whichever is applicable and numerical data were compared using the Mann Whitney U test. P-

value ≤0.05 was considered significant in all statistical evaluations. 

 

Ethical considerations 

All the patients enrolled in the study received the standard care management, and participation in 

the study has not led to any change in their usual diagnostic workup, follow-up, or management. 

All personal data collected during the study were kept strictly confidential. 
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5. Results 

This study was undertaken in the Department of Surgical Gastroenterology at AIIMS, Jodhpur, 

from January 2020 to September 2021.  A total of 30 patients gave consent and were included in 

the study. All the patients underwent pancreatoduodenectomy for periampullary carcinoma. 

Genetic mutational analysis of KRAS and HER2 mutation was done on post-operative specimens 

via the FISH technique. 

(A) Demographic data of study population 

Out of the 30 patients, 13 (43.3%) were females, and the female to male ratio was 0.76:1. The 

median age for the study population was 57.5 (37-83 years). 

Table 1: Age distribution in the study population. 

Age group 

(years) 

Total number of 

patients (n) 

Females 

(n) 

Males 

(n) 

31-40 1 (3.3%) 0 1 (5.8%) 

41-50 8 (26.4%) 3 (23.1%) 5 (29.4%) 

51-60 8 (26.6%) 3 (23.1%) 5 (29.4%) 

61-70 10 (33.3%) 7 (53.8%) 3 (17.6%) 

71-80 2 (6.6%) 0 2 (11.7%) 

81-90 1 (3.3) 0 1 (5.8%) 
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Figure 17: Age distribution in the study population. 

 

Figure 18: Sex distribution in the study population. 

 

 

 

 

0

2

4

6

8

10

Total number of patients (n)

1

8 8

10

2
1

Age distribution

31-40

41-50

51-60

61-70

71-80

81-90

17
(56.7%)

13 
(43.3%)

Male

Female



29 
 

(B) Preoperative demographic profile of study population. 

A total of 30 patients of PAC were included in the study. In the study population, jaundice 

(14/30, 46.7%) was the most common presenting complaint, followed by pain abdomen (30%) 

and cholangitis (23.3%). The median duration of the complaints was one month (0.4-12 months. 

Among the associated symptoms, 8 (26.7%) patients had nausea and vomiting, 3 (10%) had GI 

bleed. At the same time, 20 (66.6%) and 22 (73.3%) patients lost appetite and significant weight 

loss, respectively. 

Out of 30 patients, 9 (30%) patients had co-morbidities. Nine (30%) had type 2 DM and 

hypertension each among these patients. The median weight of the study population was 55.07 

(34-80) kgs, and the median BMI of the study population was 21 (14.7-26.6) kgs/m2.  

Out of the 30 patients, 19 (63.3%) patients had ECOG performance status (ECOG-PS) 1, 

followed by 8 (26.7%) patients who had ECOG-PS 0, 2 (6.7%) patients had ECOG-PS 3, and 1 

(3.3%) patient had ECOG-PS 2. 

Laboratory investigations: Median hemoglobin of study population was 11.0 (7.3-14.9) gm% 

whereas median total leukocyte count was 8.5 (4.2-18.9) x 103 cells/cumm. In liver function 

tests, median total bilirubin, direct bilirubin and alkaline phosphatase levels were 3.0 (0.3-14.6) 

mg%, 1.5 (0.06-9) mg%, 397 (45-1031) IU/L respectively. Median total protein and albumin 

were 7.0 (4.3-7.6) gm% and 3.0 (1.9-6.0) gm% respectively. 

Among tumor markers, pre-operative CA 19-9 and CEA levels were 35.5 (0.8-2000) U/ml and 

2.0 (0.2-29.4) ng/ml respectively. 

For pre-operative imaging assessment, all patients underwent pancreatic protocol CT. The 

median maximum tumor size was 2.64mm. The median maximum diameter of CBD and PD 

were 16.1 mm and 5.6 mm, respectively. Double duct sign was present in 19 (63.3%) patients. 

Lymph node involvement was present in 16 (53.3%) patients. (Table 2) 
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Table 2: Pre-operative demographic profile of study population. 

 N (%) 
Chief complains 

a. Jaundice 
b. Abdominal pain 
c. Cholangitis 

 
14 (46.7%) 
9 (30%) 
7 (23.3%) 

Duration of chief complain (median, Range) 
(months) 

1 (0.4-12) 

+ Nausea and vomiting 8 (26.7%) 
+ GI bleed 3 (10%) 
+ Loss of appetite 20 (66.6%) 
+ Significant loss of weight 22 (73.3%) 
Co-morbidities 

a. Diabetes mellitus type 2 
b. Hypertension 

9 (30%) 
9 (30%) 
9 (30%) 

Weight (median, Range), (kgs) 55.07 (34-80)  
BMI (median, Range), (kgs/m2) 21  (14.7-26.6) 
ECOG performance status 

0 
1 
2 
3 

 
8 (26.7%) 
19 (63.3%) 
1 (3.3%) 
2 (6.7%) 

Laboratory findings (median, Range) 
Hemoglobin (gm %) 11 (7.3-14.9) 
Total leukocyte count (x 103 cells/ cumm) 8.5 (4.2-18.9) 
Total bilirubin (Pre-operative) (mg %) 3 (0.3-14.6) 
Direct bilirubin (Pre-operative) (mg %) 1.5 (0.06-9) 
Alkaline phosphatase (IU/L) 397 (45-1031) 
Total protein (gm %) 7.0 (4.3-7.6) 
Albumin (gm%) 3.0 (1.9-6.0) 
CA 19-9 (U/ml) 35.5 (0.8-2000) 
CEA (ng/ml)  2.0 (0.2-29.4) 
Imaging findings   
Maximum tumor size (median, range)  (mm) 2.64 (1-5) 
CBD diameter (median, range) (mm)   16.1 (6-31) 
PD diameter (median, range) (mm) 5.6  (1-16) 
Presence of double duct sign  19 (63.3%) 
Lymph node involvement 16 (53.3%) 
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(C) Methods of pancreatoduodenectomy performed in the study population. 

All 30 patients underwent pancreatoduodenectomy (PD) as a standard of care surgical 

management for PAC. Open PD (12/30, 40%) was the most common method in the study 

population, followed by Robotic-assisted (8/30, 27%), total robotic (5/30, 16.5%), and 

laparoscopic PD (5/30, 16.5%), respectively. (Table 3) 

Table 3: Pancreatoduodenectomy methods performed study population. 

Method n (%) 

Open 12 (40%) 

Laparoscopic 5 (16.5%) 

Robotic-assisted 8 (27%) 

Total robotic 5 (16.5%) 

 

Figure 19: Pancreatoduodenectomy methods performed study population. 
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(C) Histopathological outcomes of the study population. 

All PD specimens were assessed as per standard protocol after H&E staining. 28 (23.4%) 

patients had firm masses on gross examination, whereas 1 (3.3%) patients had ulcero-

proliferative and polypoidal mass each as gross appearance, respectively. Most common primary 

tumor site was ampulla (17/30, 53.1%) followed by Distal bile duct (5/30, 15.6%), Pancreas 

(4/30, 15.5%) and duodenum (4/30, 15.5%). Twenty-six (87.5%) patients had moderately 

differentiated tumors, whereas 3 (10%) and 1 (3.3%) patients had well and poorly differentiated 

tumors, respectively.  

Out of 30 patients, two patients had pathological T1 stage, whereas 14 patients had pT2 and pT3 

each. None of the patients had the pT4 stage.  Median maximum tumor size was 2.0 cm (0.8-4.6 

cm). Out of 30 patients, 16 (53.4%) patients had no pathological lymph nodes involvement 

(pN0). pN1 involvement was present in 9 (30%) patients, whereas pN2 involvement was 5 

(16.6%). The median lymph node ratio was 20 (5.26-45)%. Fourteen (43.8%) patients had 

perineural invasion (PNI), whereas 12 (37.5%) patients had lymphovascular invasion (LVI). 

Nine (30%) patients had stage I disease, whereas 8 (26.7%) patients had stage II disease. 13 

(43.3%) patients had stage III disease. None of the patients had stage IV disease. (Table 4) 
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Table 4: Histopathological parameters in the study population.  

 N (%) 
Tumor gross appearance 

Firm mass 
Ulcero-proliferative mass 
Polypoidal mass 

 
28 (93.4%) 
1 (3.3%) 
1 (3.3%) 

Primary tumor site 
Pancreas 
Duodenum 
Ampullary  
Distal bile duct 

 
4 (12.5%) 
4 (12.5%) 
17 (53.1%) 
5 (15.6%) 

Grade of tumor 
Well-differentiated 
Moderately differentiated 
Poor  differentiated 

 
3 (10%) 
26 (86.7%) 
1 (3.3%) 

pT stage 
T1 
T2 
T3 
T4 

 
2 (6.4%) 
14 (46.8%) 
14 (46.8%) 
0 

Maximum tumor size (median, range), (cm) 2.0 (0.8-4.6) 
Lymph nodal stage 

pN0 
pN1 
pN2 

 
16 (53.4%) 
9 (30%) 
5 (16.6%) 

Lymph node ratio (%) 20 (5.26-45) 
Perineural invasion 14 (43.8%) 
Lympho-vascular invasion 12 (37.5%) 
Overall stage 

I 
II 
III 
IV 

 
9 (30%) 
8 (26.7%) 
13 (43.3%) 
0 
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(II) Analysis of morphological subtypes differentiation in periampullary carcinoma. 

IHC markers were used to validate the differentiation of morphological subtypes in PACs.  

Among 21 patients with PB subtypes morphology, 20 (95.2%) and 1 (4.8%) patients had MUC1 

present and MUC1 absent, respectively. MUC2 was present in 1 (4.8%) patients and absent in 20 

(95.2%) patients. CK7 and CK20 markers were present in 20 (95.2%)) and 5 (23.8%), whereas 

these markers were absent in 1 (4.8%) and 16 (76.2%), respectively. CDX2 and CK19 markers 

were present in 8 (38.1%) and 11 (52.4%), whereas these markers were absent in 13 (61.9%) and 

10 (47.6%), respectively. (Table 5, 6) 

Table 5: IHC differentiation in pancreato-biliary morphological subtype (n=21). 

 Present Absent 

MUC1 20 (95.2%) 1 (4.8%) 

MUC2 1 (4.8%) 20 (95.2%) 

CK7 20 (95.2%) 1 (4.8%) 

CK20 5 (23.8%) 16 (76.2%) 

CDX2 8 (38.1%) 13 (61.9%) 

CK19 11 (52.4%) 10 (47.6%) 

 

Table 6: IHC differentiation in Intestinal morphological subtype.(n=9) 

 Present Absent 

MUC1 8 (88.9%) 1 (11.1%) 

MUC2 7 (77.8%)  2 (22.2%) 

CK7 7 (77.8%)  2 (22.2%) 

CK20 4 (44.4%) 5 (55.6%) 

CDX2 7 (77.8%)  2 (22.2%) 

CK19 7 (77.8%)  2 (22.2%) 
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Figure20: IHC differentiation in pancreato-biliary morphological subtype (n=21). 

 

 

Figure 21: IHC differentiation in Intestinal morphological subtype.(n=9) 
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(III) KRAS and HER2 mutation analysis and their clinico-pathological correlation. 

(A) Prevalence of KRAS and HER2 mutations in Periampullary carcinomas: 

Out of 30 patients, 14 (46.66%) patients were KRAS mutation-positive, whereas 16 (53.33%) 

patients were KRAS mutation-negative. 6 (20%) patients were HER2 mutation-positive, whereas 

24 (80%) were HER2 mutation-negative. (Table 7) 

Table 7: Prevalence of KRAS and HER2 mutations in PACs in the study population. 

  N (%) 

KRAS mutation Positive 14 (46.66%) 

Negative 16 (53.33%) 

HER2 mutation Positive 6 (20%) 

Negative 24 (80%) 

 

Figure 22: Prevalence of KRAS and HER2 mutations in PACs in the study population 
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(B) Demographic profile. 

Out of 14 KRAS-positive patients, 6 (35.3%) were male, and 8 (61.5%) were female. However, 

11 (64.7%) were male among KRAS negative patients, and 5 (38.5%) were females. The median 

age of KRAS-positive patients was 58.5 years (37-75 years), whereas the median age of KRAS-

negative patients was 56.5 years (41-83 years).  

Of 6 HER2-positive patients, 5 (29.4%) were male, and 1 (7.7%) were female. Among HER2 

negative patients, 12 (70.7%) were male, and 12 (92.3%) were females. The median age of 

HER2-positive patients was 50.5 years (41-60 years), whereas the median age of HER2-negative 

patients was 61.5 years (37-85 years). 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with sex distribution as depicted below: Table 8) 

Table 8: Co-relation between KRAS and HER2 mutation with sex distribution. 

  Median age (years) Male Female p- value 

KRAS mutation Positive  (n= 14) 58.5 (37-75) 6 (42.8%) 8 (57.2%) 0.15 

Negative (n= 16) 56.5 (41-83) 11 (68.7%) 5 (31.3%) 

HER2 mutation Positive  (n= 6) 50.5 (41-60) 5 (83.3%) 1 (16.7%) 0.14 

Negative (n= 24) 61.5 (37-85) 12 (50%) 12 (50%) 
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Figure 23: Correlation between KRAS and HER2 mutation with sex distribution. 

 

 

Figure 24: Correlation between HER2 mutation with sex distribution. 
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(C ) CA 19-9 levels. 

Among 30 patients, 16 (53.3%) patients had normal CA 19-9 levels (<37 U/ml) whereas 14 

(46.7%) patients had high CA 19-9 levels (>37U/ml). Out of the 14 KRAS-positive patients, 

normal CA 19-9 levels were present in 7 (50%) patients, whereas 7 (50%) had high CA 19-9 

levels. Of the 16 KRAS negative patients, 9 (56.2%) patients had normal CA 19-9 levels, 

whereas 7 (43.8%) patients had high CA 19-9 levels. 

Out of the 6 HER2 positive patients, normal CA 19-9 levels were present in 3 (50%) patients, 

whereas 3 (50%) had high CA 19-9 levels. Out of the 24 HER2 negative patients, 13 (54.2%) 

patients had normal CA 19-9 levels, whereas 11 (45.8%) patients had high CA 19-9 levels. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with CA 19-9 levels as depicted below: (Table 9) 

Table 9: Correlation between KRAS and HER2 mutation with CA 19-9 levels. 

  CA 19-9 p value 

  Normal (<37 U/ml) High (>37U/ml).  

KRAS mutation Positive (n= 14)  7 (50%) 7 (50%) 0.73 

Negative (n= 16) 9 (56.2%) 7 (43.8%) 

HER2 mutation Positive  (n= 6)  3 (50%) 3 (50%) 0.85 

 Negative (n= 24) 13 (54.2%) 11 (45.8%) 
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Figure 25: Correlation between KRAS mutation with CA 19-9 levels. 

 

 

Figure 26: Correlation between HER2 mutation with CA 19-9 levels. 
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 (D) CEA levels 

Among 30 patients, 27 (90%) patients had normal CEA levels (< 5 ng/ml) whereas 3 (10%) 

patients had high CEA levels (> 5 ng/ml). Out of the 14 KRAS-positive patients, normal CEA 

levels were present in 12 (85.7%) patients, whereas 2 (14.3%) had high CEA levels. Out of the 

16 KRAS negative patients, 15 (93.7%) patients had normal CA 19-9 levels, whereas 1 (6.3%) 

patients had CEA levels. 

Out of the 6 HER2-positive patients, normal CEA levels were present in 4 (66.7%) patients, 

whereas 2 (33.3%) had high CEA levels. Out of the 24 HER2 negative patients, 23 (95.8%) 

patients had normal CEA levels, whereas 1 (4.2%) patients had high CEA levels. There was no 

statically significant co-relation between KRAS mutation on FISH with CEA levels. However, 

there was a statically significant correlation between HER2 mutation on FISH with CEA levels 

as depicted below: (Table 10) 

Table 10: Correlation between KRAS and HER2 mutation with CEA levels. 

  CEA level p-value 

  Normal High  

KRAS mutation Positive (n= 14) 12 (85.7%) 2 (14.3%) 0.46 

Negative (n= 16)  15 (93.7%) 1 (6.3%) 

HER2 mutation Positive  (n= 6) 4 (66.7%) 2 (33.3%) 0.03 

 Negative (n= 24)  23 (95.8%) 1 (4.2%) 
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Figure 27: Correlation between KRAS mutation with CEA levels. 

 

 

Figure 28: Correlation between HER2 mutation with CEA levels. 
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 (E) Primary site of tumor origin. 

Out of 14 KRAS-positive patients, the primary site of tumor origin was pancreas in 4 (28.5%) 

patients, duodenum in 1 (7.1%), ampulla in 6 (42.9%), and distal CBD in 3 (21.4%) patients. 

Among 16 KRAS negative patients, the primary site of the tumor was duodenum in 3 (18.7%), 

ampulla in 11(68.8%), and distal CBD in 2 (12.5%).  

Out of 2 HER2 positive patients, the primary site of tumor origin was pancreas in 1 (16.7%) 

patients, duodenum in 1 (16.7%), and ampulla in 4 (66.6%) patients. Among 24 HER2 negative 

patients, the primary site of the tumor was the pancreas in 3 (12.5%), duodenum in 3 (12.5%), 

ampulla in 13(54.2%), and distal CBD in 5 (20.8%).  

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with the primary site of tumor origin as depicted below: (Table 11) 

 

Table 11: Correlation between KRAS and HER2 mutations with the primary site of tumor 

origin.  

  Pancreas Duodenum Ampullary Distal CBD p-value 

KRAS 

mutation 

Positive (n= 14) 4 (28.5%) 1 (7.1%) 6 (42.9%) 3 (21.4%) 0.08 

Negative (n= 16) 0 3 (18.7%) 11 (68.8%) 2 (12.5%) 

HER2 

mutation 

Positive  (n= 6) 1 (16.7%) 1 (16.7%) 4 (66.6%) 0  0.68 

 Negative (n= 24) 3 (12.5%) 3 (12.5%) 13 (54.2%) 5 (20.8%) 
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Figure 29: Correlation between KRAS mutation with Primary site of tumor origin. 

 

 

Figure 30: Correlation between HER2 mutation with Primary site of tumor origin. 
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(F) Morphological subtypes. 

Among 14 KRAS-positive patients, 11 (78.6%) patients had PB morphological subtype, whereas 

3 (21.4%) patients had I morphological subtype. Out of 16 KRAS negative patients, 10 (62.5%) 

patients had PB morphological subtype, whereas 6 (37.5%) patients had I morphological 

subtype. 

Of 6 HER2-positive patients, 4 (66.7%) patients had PB morphological subtype, whereas 3 

(33.3%) patients had I morphological subtype. Out of 24, KRAS negative patients, 17 (70.8%) 

patients had PB morphological subtype, whereas 7 (29.2%) patients had I morphological 

subtype. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with morphological subtypes as depicted below: (Table 12) 

Table 12: Correlation between KRAS and HER2 mutation with morphological subtypes. 

  Pancreato-biliary Intestinal p-value 

KRAS mutation Positive (n= 14) 11 (78.6%) 3 (21.4%) 0.34 

Negative (n= 16) 10 (62.5%) 6 (37.5%) 

HER2 mutation Positive  (n= 6) 4 (66.7%) 2 (33.3%) 0.84 

 Negative (n= 24) 17 (70.8 %) 7 (29.2%) 
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Figure 31: Correlation between KRAS mutation with morphological subtypes 

 

 

Figure 32: Correlation between HER2 mutation with morphological subtypes. 
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(G) Grade of the tumor. 

All of the 14 KRAS-positive patients had a moderately differentiated tumor. Among 16 KRAS 

negative patients, three patients had well-differentiated tumors, whereas 12 (75%) and 1 (6.3%) 

patients had moderately and poorly differentiated tumors. 

Out of 6 HER2-positive patients, 2 (33.3%) patients had well-differentiated tumors, and 4 

(66.7%) patients had moderately differentiated tumors. Among 24 HER2 negative patients, 1 

(4.2%) patient had a well-differentiated tumor, whereas 22 (91.2%) and 1 (4.2%) patients had 

moderately and poorly differentiated tumors, respectively. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with tumor grade as depicted below: (Table 13) 

Table 13: Correlation between KRAS and HER2 mutation with tumor grade. 

  Grade of tumor P-value 

  Well Moderate Poor  

KRAS mutation Positive (n= 14)  0 14 (100%) 0 0.13 

Negative (n= 16) 3 (18.7%) 12 (75%) 1 (6.3%) 

HER2 mutation Positive  (n= 6)  2 (33.3%) 4 (66.7%) 0 0.09 

Negative (n= 24) 1 (4.2%) 22 (91.6%) 1 (4.2%) 
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Figure 33: Correlation between KRAS mutation with tumor grade. 

   

 

Figure 34: Correlation between HER2 mutation with tumor grade 
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(H) T stage 

Out of 14 KRAS-positive patients, 2 (14.3%) patients had T1 tumor, whereas 7 (50%) and 5 

(35.7%) patients had T2 and T3 tumor, respectively. None of KRAS positive patients had T4 

tumor. Of the 16 KRAS negative patients, 7 (43.8%) and 9 (56.2%) patients had T2 and T3 

tumor, respectively. None of the KRAS-negative patients had T1 and T4 tumor.  

Of 6 HER2-positive patients, 2 (33.3%) and 4 (66.7%) patients had T2 and T3 tumor, 

respectively. None of the HER2-positive patients had T1 and T4 tumor. Out of the 24 HER2 

negative patients, 2 (8.3%) patients had T1 tumor, whereas 12 (50%) and 10 (41.7%) patients 

had T2 and T3 tumor, respectively. None of the HER2-negative patients had T4 tumor. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with T stage as depicted below: (Table 14) 

Table 14: Correlation between KRAS and HER2 mutations with T stage. 

  T stage p-value 

  T1 T2 T3 T4  

KRAS mutation Positive (n= 14)  2 (14.3%) 7 (50%) 5 (35.7%) 0  0.22 

Negative (n= 16) 0  7 (43.8%) 9 (56.2%) 0 

HER2 mutation Positive  (n= 6)  0  2 (33.3%) 4 (66.7%) 0  0.5 

 Negative (n= 24) 2 (8.3%) 12 (50%) 10 (41.7%) 0 
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Figure35: Correlation between KRAS mutation with T stage. 

 

 

Figure 36: Correlation between HER2 mutation with T stage. 
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Among 30 patients, 16 (53.3%) patients had early T stages (T1/T2), whereas 14 (46.7%) patients 

had advanced T stages (T3/T4). 

Out of the 14 KRAS-positive patients, early T stage were present in 9 (64.3%) patients, whereas 

5 (35.7%) had advanced T stages. Out of the 16 KRAS negative patients, 7 (43.8%) patients had 

early T stages, whereas 9 (56.2%) patients had advanced T stages. 

Out of the 6 HER2-positive patients, early T stage were present in 2 (33.3%) patients, whereas 4 

(66.7%) had advanced T stages. Out of the 24 HER2 negative patients, 14 (58.3%) patients had 

early T stages, whereas 10 (41.7%) patients had advanced T stages. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with early/advanced T stage as depicted below: (Table 15) 

Table 15: Correlation between KRAS and HER2 mutations with early/advanced T stage. 

  T stage p-value 

  T1/T2 T3/T4  

KRAS mutation Positive (n= 14) 9 (64.3%) 5 (35.7%) 0.26 

Negative (n= 16) 7 (43.8%) 9 (56.2%) 

HER2 mutation Positive  (n= 6) 2 (33.3%) 4 (66.7%) 0.3 

 Negative (n= 24) 14 (58.3%) 10 (41.6%) 
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Figure 37: Correlation between KRAS mutation with early/advanced T stage 

 

Figure 38: Correlation between HER2 mutation with early/advanced T stage 
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(I) Lymph node stage (N stage) 

Among 30 patients, 16 (53.3%) patients had no lymph nodal involvement (N0), whereas 14 

(46.7%) patients had lymph node involvement (N+). 

Of the 14 KRAS-positive patients, 6 (42.8%) patients did not have lymph node involvement, 

whereas 8 (57.2%) had lymph node involvement present. Out of the 14 KRAS negative patients, 

10 (62.5%) patients had no lymph node involvement, whereas 6 (42.9%) patients had lymph 

node involvement present. 

Of the 6 HER2-positive patients, 2 (33.3%) patients had no lymph node involvement, whereas 4 

(66.7%) had lymph nodal involvement present. Out of the 24 HER2 negative patients, 14 

(58.3%) patients had no lymph node involvement, whereas 10 (41.7%) patients had lymph node 

involvement present. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with lymph node involvement as depicted below: (Table 16) 

 

Table 16: Correlation between KRAS and HER2 mutations with lymph node involvement. 

  Lymph node involvement p-value 

  N0 N +  

KRAS mutation Positive (n= 14) 6 (42.8%) 8 (57.2%) 0.36 

Negative (n= 16) 10 (62.5%) 6 (37.5%) 

HER2 mutation Positive  (n= 6) 2 (33.3%) 4 (66.7%) 0.24 

 Negative (n= 24) 14 (58.3%) 10 (41.7%) 
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Figure 39: Correlation between KRAS mutation with lymph node involvement. 

 

 

Figure 40: Correlation between HER2 mutation with lymph node involvement. 
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Of the 8 KRAS positive patients, 5 (62.5%) patients had N1 stage lymph node, whereas 3 

(37.5%) had N2 stage lymph node. Out of the 5 KRAS negative patients, 3 (60%) patients had 

N1 stage lymph node, whereas 2 (40%) patients had N2 stage lymph node. 

Of the 4 HER2-positive patients, 1 (25%) patients had N1 stage lymph node, whereas 3 (75%) 

had N2 lymph nodal involvement present. Out of the 9 HER2 negative patients, 7 (77.8%) 

patients had N1 stage lymph node, whereas 2 (22.2%) patients had N2 stage lymph node. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with N+ stage as depicted below: (Table 17) 

Table 17: Correlation between KRAS and HER2 mutations with N+ stage. 

  N+ stage p value 

  N1 N2  

KRAS mutation Positive  (n= 8) 5 (62.5%) 3 (37.5%) 0.93 

Negative (n= 5) 3 (60%) 2 (40%) 

HER2 mutation Positive (n= 4)  1 (25%)  3 (75%) 0.07 

 Negative (n= 9) 7 (77.8%) 2 (22.2%) 
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Figure 41: Correlation between KRAS mutation with N+ stage. 

 

Figure 42: Correlation between HER2mutation with N+ stage. 
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(J) Perineural invasion (PNI) 

Out of 14 KRAS mutation-positive patients, 7 (50%) and 7 (50%) patients had PNI involvement 

present and absent, respectively. Out of the 16, KRAS mutation-negative patients, 9 (56.2%) 

patients had PNI present, and 7 (43.8%) did not have PNI. 

Out of 6 HER2 mutation-positive patients, 3 (50%) and 3 (50%) patients had PNI involvement 

present and absent, respectively. Out of the 24 HER2 mutation-negative patients, 11 (45.8%) 

patients had PNI present, and 13 (54.2%) did not have PNI. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with PNI in the study population, as depicted below: (Table 18) 

Table 18: Correlation between KRAS and HER2 mutation with perineural invasion. 

  Perineural invasion p-value 

  Present Absent  

KRAS mutation Positive (n= 14) 7 (50%) 7 (50%) 0.73 

Negative (n= 16) 9 (56.2%) 7 (43.8%) 

HER2 mutation Positive  (n= 6) 3 (50%) 3 (50%) 0.85 

 Negative (n= 24) 11 (45.8%) 13 (54.2%) 
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Figure 43: Correlation between KRAS mutation with perineural invasion. 

 

Figure 44: Correlation between HER2 mutation with perineural invasion. 
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(K) Lymphovascular invasion (LVI). 

Out of 14 KRAS mutation-positive patients, 7 (50%) and 7 (50%) patients had LVI involvement 

present and absent, respectively. Out of the 16 KRAS mutation-negative patients, 11 (68.7%) 

patients had LVI present, and 5 (31.3%) did not have LVI. 

Out of 6 HER2 mutation-positive patients, 4 (66.7%) and 2 (33.3%) patients had LVI 

involvement present and absent, respectively. Out of the 24 HER2 mutation-negative patients, 8 

(33.3%) patients had PNI present, and 16 (66.7%) did not have LVI. 

There was no statically significant co-relation between either KRAS or HER2 mutations on 

FISH with LVI in the study population, as depicted below: (Table 19) 

Table 19: Correlation between KRAS and HER2 mutations with LVI. 

  Lymphovascular invasion  

  Present Absent p-value 

KRAS mutation Present  (n= 14) 7 (50%) 7 (50%) 0.29 

Absent (n= 16) 11 (68.7%) 5 (31.3%) 

HER2 mutation Present  (n= 6) 4 (67.7%) 2 (33.3%) 0.14 

 Absent (n= 24) 8 (33.3%) 16 (66.7%) 
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Figure 45: Correlation between KRAS mutation with LVI.  

 

Figure 46:Correlation between HER2 mutation with LVI. 
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(L) Overall stage 

Out of 14 KRAS-positive patients, 5 (35.8%) patients had stage I tumor, whereas 3 (21.4%) and 

6 (42.8%) patients had stage II and III tumors, respectively. Out of the 16 KRAS negative 

patients, 4 (25%), 5 (31.3%), and 7 (43.7%) patients had stage I, II, and III tumors, respectively. 

None of the KRAS positive and negative patients had stage IV tumor.  

Of 6 HER2-positive patients, 2 (33.3%) and 4 (66.7%) patients had stage II and III tumor, 

respectively. Out of the 24 HER2 negative patients, 9 (37.5%) patients had stage I tumor, 

whereas 6 (25%) and 9 (37.5%) patients had stage II and stage III tumor, respectively. None of 

the HER2 positive or negative patients had stage IV tumor. 

There was no statically significant co-relation between either KRAS or HER2 mutation on FISH 

with overall tumor stage as depicted below: (Table 20) 

Table 20: Correlation between KRAS mutation with overall stage. 

   Overall stage  

  I II III IV  p-value 

KRAS 

mutation 

Present  (n= 14) 5 (35.8%) 3 (21.4%) 6 (42.8%) 0 0.75 

Absent (n= 16) 4 (25%) 5 (31.3%) 7 (43.7%) 0 

HER2 

mutation 

Present  (n= 6) 0  2 (33.3%) 4 (66.7%) 0 0.19 

Absent (n= 24) 9 (37.5%) 6 (25%) 9 (37.5%) 0 
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Figure 47: Correlation between KRAS mutation with overall stage. 

  

 

Figure 48: Correlation between HER2 mutation with overall stage. 
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6. Discussion 

Recent advances have been made in the molecular characterization of PACs. More and more 

genetic alteration studies are evaluating the mutations in gastrointestinal malignancies, which has 

opened up a new paradigm to target specific gene mutations. In colo-rectal carcinomas, the role 

of biological target therapies is now well established.  In colorectal cancer, KRAS mutations 

have been shown to reliably predict which patients will not respond to an EGFR inhibitor. 

(67,68) Similarly, studies in lung cancer have also shown that patients with mutations in KRAS 

are less likely to respond to small molecule EGFR inhibitors. (69,70) 

PACs are a heterogeneous group of tumors with a wide range of genetic alterations, including 

KRAS, SMAD4, TP53 mutations, as well as a high rate of microsatellite instability, WNT 

pathway, etc. (4) Among them, KRAS and HER2 mutation are one of the earliest mutations 

present in PACs and also have target therapies available. 

Chung et al. (1996) are one of the earliest descriptions in literature to study the frequency of 

KRAS mutation in PAC. (57) However, its frequency range is wide in worldwide literature. 

KRAS mutation has been found in 30-80% cases of PACs, whereas HER2 is found in 2-80% 

cases in the literature. These wide ranges are attributed not only to the heterogeneity of tumors in 

PACs but also to the geographic and demographic profile of the study population, along with a 

difference in the method of genetic assessment. We aimed to assess the frequencies of KRAS 

and HER2 mutations in PACs in our study population and also assessed the relation of KRAS 

and HER2 mutation with clinico-pathological outcomes in the study population.  

(A) Prevalence of KRAS mutations in the study population:  

In an initial study published by Chung et al., KRAS mutation was reported in 39% (11 out of 28) 

of PAC patients. (57) Schultz et al. (2012) evaluated the frequency of KRAS mutation in both 

PDAC and PAC and reported that KRAS mutation was 67% in PAC and 80% in PDAC. Though 

the 2/3rd of the patients had KRAS mutation, the low frequency in PAC compared to PDAC was 

attributed to the heterogeneity of the group of tumors in PAC. (55) Similarly, Swain et al. also 

showed that KARS mutation was present in 32 (64%) of the patients in the study population. 

(76) Further, Mikhitarian et al. (2014) studied the role of Epidermal Growth Factor Receptor 
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Signaling Pathway genetic mutation in PAC and found that KRAS was the most common genetic 

mutation (47%) in PAC. (60) 

Kwon et al. analyzed the genetic mutations in the RAS-RAF-MAPK pathway in PAC. The study 

reported that the KRAS mutation was present in nearly one-third of patients in PAC, similar to 

Valsangka et al. (74, 75) Kim et al. in their meta-analysis of the KRAS mutations in PACs, 

showed that 175 (45%) patients had KRAS mutation. (58)  In a recent review article by 

Lundgren et al., KRAS mutation was present in 47 (46.1%) patients in the study population of 

PAC patients. (59) Similarly, the frequency of KRAS mutation in our study (46.7%) was 

comparable to other studies in the literature. This indicates that nearly half of the patients of PAC 

have KRAS mutation, which can be a target for therapeutic management. (Table 21) 

Table 21: Prevalence of KRAS mutation in literature. 

 Year Total number of patients KRAS positive patients (%) 

Chung et al 1996 28 11(39%) 

Howe et al 1997 27 9 (37%) 

Schönleben et al 2009 25 7 (28%) 

Schultz et al 2012 87 58 (67%) 

Cunha et al 2012 68 28 (41.2%) 

Sitthideatphaiboon et al 2014 63 29 (43%) 

Mikhitarian et al 2014 52 25 (47%) 

Valsangka et al 2015 75 9 (12%) 

Kwon et al 2016 62 20 (30.6%) 

Kim et al (meta-analysis) 2017 396 175 (45%) 

Swain et al 2018 49 32 (64%) 

Lundgren et al 2019 102 47 (46%) 

Our study 2022 30 14 (46.7) 
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(B) KRAS mutation and clinico-pathological parameters. 

In literature, KRAS has been reported to be associated with advanced age, with most of the 

studies reporting median age of presentation in the sixth decade of life. (74, 75) In our study, the 

median age of KRAS mutation-positive patients was 58.5 (37-75) years which corresponds to the 

literature. In contrast, most retrospective studies showed no predilection for sex distribution, with 

few studies showing either slight male or female predominance. Female predominance was 

present among KRAS-positive patients in our study population, as seen in Kwon et al. (2016). 

(75) This suggested that the PAC is more common in the sixth decade of life with slight female 

predominance.  

Tumor markers like CA19-9 and CEA are helpful in monitoring and prognostication of PAC 

tumors. Only one study, Cunha et al. (2012), reported the relation between CA 19-9 with KARS 

mutation in patients with PAC. (76) The study reported that normal CA 19-9 levels were more 

common in both KRAS positive and negative groups. We evaluated the relation of both the 

tumor markers with KRAS mutation. CA19-9 levels did not relate to normal or high levels; 

however, there was a non-significantly higher trend for normal CA19-9 levels in KRAS negative 

patients. In contrast, normal CEA levels were more common in both KRAS positive and negative 

groups. However, the trends were not statistically significant in our analysis; none of the studies 

in our knowledge has evaluated the impact of KRAS mutation on CEA levels. So KRAS 

mutation-positive patients may have higher CEA levels with no CA 19-9 levels predilection. 

Among various histopathological parameters, T stage, N stage, morphological subtype, PNI, 

LVI, and overall stage have been evaluated. Evaluation of morphological subtype is of prime 

importance in PAC as PB subtype has been reported to be associated with poorer OS compared 

to intestinal subtype. In literature, most of the studies have reported a strong correlation between 

KRAS mutation and PB subtype in patients of PDAC. (37) However, most studies reported 

mixed results for morphological assessment in PAC with slight intestinal subtype predominance 

in KRAS-positive patients. Mikhitarian et al. (2014) evaluated the relationship between 

morphological subtypes and KRAS mutation. Of the 15 KRAS positive patients, 46.6% and 

53.4% had PB and intestinal subtypes, respectively, whereas out of 12 KRAS negative patients, 

41.7% and 58.3% had PB and intestinal subtypes, respectively. (60)  



66 
 

Similar results have been reported by Valsangkar et al  (2015) and Kwon (2016). (74,75) Both 

studies reported slightly more prevalence of intestinal subtype in KRAS-positive patients. In 

contrast, our study reported that 78.6% and 21.4% KRAS-positive patients had PB and intestinal 

subtypes, respectively. Similarly, 62.5% of patients had PB morphological subtype among 

KRAS negative patients, whereas 37.5% patients had intestinal subtype. The KRAS analysis did 

not significantly correlate with the prediction of morphological subtype. Nevertheless, the PB 

subtype was more common in KRAS positive patients than KRAS negative patients in our 

analysis. This may translate into the poor OS in survival analysis among KRAS-positive patients, 

as explained in PDAC literature. 

In the T stage, most of the studies have reported predominance of advanced T stage (T3/T4) in 

KRAS positive patients, which tends to correlate with the poor OS in KRAS positive patients. 

Schönleben et al. (2009) showed that 28.5% and 71.5% had T1/T2 and T3T4 tumors among 

KRAS mutation-positive patients, respectively. (72)  Valsangkar et al. (2015) and Kwon (2016)  

also reported that around two-thirds of the patients had advanced T stage in KRAS  positive 

group in PAC. (74,75) 

In contrast, our study showed non-significantly higher T1/T2 tumor patients in the KRAS 

mutation-positive group compared to other studies in the literature. However, Among KRAS 

mutation-negative patients, the T1/T2 and T3/T4 tumor frequencies were comparable to other 

studies in the literature. Our contrary results in KRAS-positive patients may be explained by the 

difference in the study population, with most of the other study populations having advanced 

disease tumors in their analysis. Also, our result indicated that the KRAS-positive patients show 

a non-significant trend towards the early T stage, which in some specific subgroups of the early 

tumor may show a good prognosis. 

Schönleben et al. (2006) reported higher LN positivity among KRAS positive and negative 

patients.  Among KRAS-positive patients, three-fourths of the patients had LN involvement 

present. (72) In contrast, Valsangkar et al. (2015)  and Kwon et al. (2016)  had reported that LN 

involvement was absent in KRAS-positive patients. In Valsangkar et al., around two-thirds of 

KRAS-positive patients did not have LN involvement, whereas Kwon et al. reported that three-

fourths of the patients had LN involvement absent. (74,75) 
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In our study population, 57.2% had lymph node involvement present in KRAS-positive patients. 

Also, 62.5% of patients had lymph node involvement absent in KRAS negative patients. Our 

finding correlates with Schönleben et al. (2006), which reported similar results. (72) This 

suggests that KRAS-positive patients tend to have higher LN positivity in KRAS-positive 

patients. LN involvement is a critical predictor of OS in PAC patients, and this result may 

indicate that the KRAS patients may have poor OS due to the higher prevalence of LN 

involvement. 

Most of the studies in the literature have reported PNI involvement absent in patients with KRAS 

mutation. Valsangkar et al. (2015) and Kwon et al. (2016) had reported that 66% and 79% of the 

KRAS-positive patients had PNI involvement absent. (74) However, we did not also find any 

relation between PNI involvement and KRAS mutation. Nevertheless, half of the patients had 

PNI involvement in KRS positive patients. Similarly, 56.2% of patients had PNI involvement in 

KRAS-negative patients. As PNI involvement is a poor prognostic parameter, our finding of 

higher PNI involvement than other studies in the literature is of prime importance. This indicates 

that patients with KARS mutation harbor a 50% risk for PNI involvement.  

Similar to PNI, LVI is also a poor prognostic factor for OS in PAC. Most of the studies in the 

literature have reported LVI involvement absent in patients with KRAS mutation. Valsangkar et 

al. (2015) and Kwon et al. (2016) had reported that 77.8% and 57.9% of the KRAS-positive 

patients had LVI involvement absent. (74, 75) Our results for LVI involvement were similar to 

other reported studies. With 58.3% patients of LNI involvement absent were KRAS-mutation 

positive. This suggests that the KRAS mutation positivity is associated with lower LVI 

involvement.  

Valsangkar et al. (2015) reported that 44.4% and 55.6% of patients had stage I and II/III tumors 

among KRAS-positive patients, respectively. (74) Similarly, Schönleben et al. (2006) reported 

that more than half of the KRAS-positive patients had stage II/III present. (72) Our study showed 

similar results to the above-mentioned studies with a higher prevalence of stage II/III tumors in 

KRAS-positive patients. Around two-thirds of our KRAS-positive patients had an advanced 

overall stage, and there was a non-significant trend for the advanced overall stage in PAC among 

KRAS-positive patients. This finding is clinically significant as these patients will have a poorer 

OS. (Table 22) 
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Table 22: Correlation between KRAS positive mutation with clinico-pathological 

parameters. 

 Schönleben et al Valsangkar et al Kwon et al. Our study 

Year 2006 2015 2016 2022 

Type of study Retrospective Retrospective Retrospective Propspective 

Prevalence (%) 7/25 (28%) 9/75 (33.3%) 19/62 (30.6%) 14/30 (47.2%) 

Median age 
(year) 

67 (43-70) 68 (34-92) 63 58.5 (37-75) 

M:F 
4 (57.1%): 3 
(47.8%) 

14 (56%): 11 
(44%) 

6 (31.6%): 13 
(68.4%) 

6 (42.8%): 8 
(57.2%) 

PB N 4/9 (44.4%) 9/29 (47.4%) 11/14 (78.6%) 

Intestinal N 5/9 (55.6%) 10/33 (52.6%) 3/14 (21.4%) 

T1/T2 2/7 (28.5%) 3/9 (33.3%) 7/18 (36.8%) 9/14 (64.3%) 

T3/T4 5/7 (71.4%) 6/9 (66.7%) 12/44 (63.2%) 5/14 (35.7%) 

LN +ve 5/7 (71.4%) 3/9 (33.3%) 5/14 (26.3%) 8/14 (57.2%) 

LN –ve 2/7 (28.6%) 6/9 (66.7%) 14/48 (73.7%) 6/14 (42.8%) 

PNI + N 3/9 (33.3%) 4/12 (21%) 7/14 (50%) 

PNI - N 6/9 (66.7%) 15/50 (79%) 7/14 (50%) 

LVI + N 2/9 (22.2%) 8/32 (42.11%) 7/14 (50%) 

LVI - N 7/9 (77.8%) 11/30 (57.9%) 7/14 (50%) 

Overall stage I 1/7 (8%) 4/9 (44.4%) 10/ 19 (52.6%) 5/14 (35.7%) 

Overall stage 
II/III 

6/7 (57.1%) 5/9 (55.6%) 9/ 19 (47.3%) 9/14 (64.3%) 
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(C) Frequency of HER2 mutation in literature: 

Only three studies have evaluated the prevalence of HER2 in PAC patients. Ajiki et al. (2001) 

reported the frequency of 23% in the study population of 30 PAC patients. (78) Hechtmann et al. 

(2015) reported that 14 (13%) of the 106 PAC patients had HER2 mutation present. (61)  Wheras 

Elebro et al. (2016) mentioned that only 2% of patients had HER2 mutation in PACs. (79) 

Some studies have reported the prevalence of HER2 in PDAC patients. Safran et al. (2001) 

reported a frequency of 21%. (65) Stoecklein et al. (2004) reported that the frequency of HER2 

mutation in PDAC was 24%. Harder et al. (2012) reported that 17 (7.42%) of the 229 PDAC 

cases had harbored HER2 mutation. (80) Chou et al. (2013) reported that 2.1% of patients had 

HER2 mutation present. (81)  Han et al. (2021) showed the prevalence of 42% out of the 55 

PDAC patients. (82)  

In our study, 20% of patients were HER2 mutation-positive. The frequency in our study is not 

only within the range of available literature (2-85%) but also closely similar to most of the 

studies in the literature.  (Table 23) 

Table 23: Frequency of HER2 mutation in literature: 

Study Primary 

malignancy 

Year N HER2 mutation-

positive (%) 

Hechtman et al PAC 2015 106 14 (13) 

Elebro et al PAC 2016 175 4 (2%) 

Ajiki et al PAC 2001 30 7 (23%) 

Safran et al PDAC 2001 154 34 (21%) 

Stoecklein et al PDAC 2004 50 12 (24%) 

Harder et al PDAC 2012 229 17 (7.42%) 

Chou et al PDAC 2013 469 10 (2.1%) 

Han et al PDAC 2021 74 55 (85%) 

Our study PAC 2022 30 6 (20%) 
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(D) HER2 mutation and clinico-pathological outcomes:  

Though less prevalent (compared to KRAS mutation), HER2 mutation analysis may play a 

pivotal role in managing PACs as targeted therapy for this mutation is available and widely used 

in other malignancies with successful results. In literature for both PDAC and PAC tumors, 

HER2 mutations are commonly present in the sixth decade of life. Hechtmann et al. (2015), in 

their study population of HER2 positive PAC patients, showed a median age of 62 (37-83) years. 

(61) Similarly, Chou et al. (2013) and Han et al. (2021) reported the median age of 69.7 (47-73) 

and 64 (42-77) years in the study population of HER2 positive PDAC patients. (81, 82) 

However, in our study, the median age was 50.5 (41-60) years. This suggests that the HER2 

mutation may occur in slightly younger patients than the reported frequencies in the literature.  

HER2 mutation strongly predicts male predominance in literature in PAC and PDAC patients. 

Both Chou et al. (2013) and Han et al. (2021), in their analysis of PDAC tumors, showed a 

predilection for male sex distribution.  (81, 82) Although there was no significant association 

between sex distribution and HER2 mutation, our analysis showed that strong male 

predominance (83.3%) was present among HER2-positive patients, as seen in Hechtmann et al. 

(2015). (61) 

Further, Harder et al. (2022) reported the relation of CA 19-9 with HER2 mutation in PDAC 

patients. 85% of patients with HER2 mutation had high CA 19-9 levels.  (83) In our study, an 

equal association was present for both normal and high CA 19-9 levels in HER2 positive 

patients, and no statically significant correlation was found between HER2 mutation with CA 19-

9 levels. Compared to the only study with such analysis, our study did not show any trend for CA 

19-9 levels associated with HER2 mutation. However, its clinical use cannot be ruled out in 

practice, even in patients with HER2-positive patients.  

No study in our knowledge has evaluated the relation of CEA levels with HER2 mutation in 

PAC and PDAC patients. In our study, one-third of patients with HER2 mutation had high CEA 

levels. However, only 4.2% of HER2-negative patients had high CEA levels, and 95.8% HER2 

negative patients had normal CEA levels. There was a statically significant correlation between 

HER2 mutation on FISH with CEA levels. It indicated that  HER2 mutation is associated with 

high CEA levels. 
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HER2 mutation in PAC has a slight predilection for PB morphology. In our study population, 

two-thirds of HER2-positive patients had PB morphological subtype, whereas one-third of 

patients had intestinal morphological subtype. Our study results were similar to the other studies 

in literature like Hechtmann et al. (2015) and Elebro et al. (2015). (78, 82) There was a non-

statically significant co-relation between HER2 mutation on FISH with PB subtype. As PB 

morphology is associated with poorer OS, even a non-significant trend towards PB morphology 

is of great clinical importance.  

Most of the retrospective studies in PDAC showed no predilection for the T stage with HER2 

mutation. Chou et al. (2013) showed that 70% of patients with HER2 mutation in PDAC had 

T3/T4 stage. However, among HER2 mutation-negative patients, 80% of patients had T3/T4 

stage. (81)  In contrast to this, Han et al. (2021) showed that 80% and 84% of patients with 

HER2 mutation present and absent had early T stage (T1/T2), respectively. (82) Our study 

results were similar to Hectmann et al. (2015) in the HER2 positive group. Two-thirds of our 

HER2 patients had T3/T4 stage. (61) However, in the HER2 negative group, 58% of patients had 

the T1/T2 stage, as seen in Han et al. (2021). (82) Although statically non-significant, our results 

showed HER2 mutation patients had advanced T stage whereas HER2 mutation-negative 

patients have early T stage.  

Chou et al. (2013), in their study population of PDAC patients, reported that 40% of patients had 

LN involvement present, whereas 60% of patients did not have LN involvement in the HER2 

mutation-positive group. (81) On the contrary, Han et al. (2021) have shown that 66.7% of the 

HER2 mutation-positive patients had LN involvement, and in HER2 negative patients, only one-

third of the patients had LN involvement. (82) Our study findings were comparable to Han et al. 

(2021). Among HER2-positive patients in our study, two-thirds had LN involvement, whereas, in 

HER2-negative patients, 58% of the patients did not have LN involvement. Although statically 

non-significant, our results show that HER2-positive patients had a trend toward lymph node 

positivity which may translate into the poor OS. 

The few available retrospective studies in PAC have shown no association between PNI and 

HER2 mutation. Hechtmann et al. (2015) reported that half of the HER2 mutation-positive 

patients had PNI involvement present. (61) In contrast, Chou et al. (2013) had reported that 80% 
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of HER2 mutation-positive patients with PDAC tumors had PNI involvement present, whereas 

72% of HER2 mutation-negative patients had PNI involvement. (82) 

Our study results were similar to Hechtmann et al. (2015). (61) Among HER2 mutation-positive, 

half of the patients had PNI involvement present. Among HER2-negative patients, 54.2% did not 

have PNI involvement present. Our study did not find any relation between PNI and HER2 

mutation. Nevertheless, 50% PNI involvement among HER2-positive patients is still a warning 

sign as these patients will have a poor OS. 

Chou et al. (2013), in their study population of PDAC, showed that 80% of patients of HER2 

mutation did not have LVI involvement present. (81) On the contrary, Hechtmann et al. (2015) 

reported higher LVI positivity among HER2 mutation-positive patients. In 64% of the patients 

with HER2 mutation had LVI involvement present whereas, among HER2 mutation-negative 

patients, half of the patients had LVI involvement absent. (61) In HER2 positive group, our study 

results had similar findings as Hechtmann et al. (2015). (61) Two-thirds of the patients with 

HER2 mutation had LVI involvement present. However, among HER2 mutation-negative 

patients, two-thirds of patients had LVI involvement absent. This implies that HER2 mutation 

patients have higher LVI involvement rates which may translate into the poor OS in these 

patients. 

Chou et al. (2013) reported that among HER2-positive patients, 20%, 70%, and 10% of patients 

had stage I, II, and III/IV tumors, respectively. (81) In contrast, Han et al. (2021) reported that 

more than half of the HER2 positive PDAC patients had stage I tumors, whereas 41.8% and 

16.4% of patients had stage II and II/IV tumors. (82) Our study showed similar results to those 

mentioned above, with a higher prevalence of stage III/IV tumors in HER2-positive patients. 

Around two-thirds of our HER2-positive patients had stage III/IV tumors, whereas one-third had 

stage II tumors. There was a non-significant trend for the advanced overall stage in PAC among 

HER2-positive patients. These are findings of great clinical significance as HER2-positive 

patients had either stage II or stage III/IV tumors, which indicates that these patients may have a 

poor OS. 
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Table 24: 

Correlation 

between 

KRAS positive 

mutation with 

clinico-

pathological 

parameters. 

Hechtman et al Chou et al Han et al Our study 

Year 2015 2013 2021 2022 

Type of study Retrospective Retrospective Retrospective Propspective 

Pri. malignancy PAC PDAC PDAC PAC 

Prevalence (%) 14/106 (13%) 10/440 (2.1) 55/75 (85%) 6/30 (20%) 

Median age 62, 37–83 69.5 (47-73) 64 (42–77) 50.5 (41-60) 

M:F 10 (71.4%): 4 

(28.6%) 

6 (60%) : 4 (40%) 9 (52.9%) : 8 

(47.1) 

5 (83.3%): 1 

(16.7%) 

PB 6 (60%) N N 4 (66.7%) 

Intestinal 4 (40%) N N 2 (33.3%) 

T1/T2 N 3 (30%) 39 (79.5%) 2 (33.3%) 

T3/T4 N 7 (70%) 16 (21.5%) 4 (66.7%) 

LN +ve N 4 (40%) 4 (66.7%) 4 (66.7%) 

LN –ve N 6 (60%) 2 (33.3%) 2 (33.3%) 

PNI + 7 (50%) 8 (80%) N 3 (50%) 

PNI - 7 (50%) 2 (20%) N 3 (50%) 

LVI + 9 (64%) 2 (20%) N 4 (67.7%) 

LVI - 5 (36%) 8 (80%) N 2 (33.3%) 

Overall stage I N 2 (20%) 11/20 (55%) 0/6 

Overall stage II N 7 (70%) 23 (41.8%) 2 (33.3%) 

Overall stage 

III/IV 

N 1 (10%) 9 (16.4%) 4 (66.7%) 
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STRENGTHS AND LIMITATIONS 

 

• Advantages:  

  - First Indian study with genetic analysis for periampullary carcinoma. 

  - Prospective analysis. 

  - Single-center analysis: Good compliance to the protocol 

• Limitations:  

- Observational study 

- Limited genetic analysis  

- Low sample size 
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7. CONCLUSIONS 

1. The prevalence of KRAS and HER2 mutations were 46.7% and 20% in the study population, 

respectively.  

2. KRAS mutation was associated with a non-significant trend towards the early T stage, PB 

subtype, lymph node-negative with equivocal association with PNI and LVI disease. 

3. HER2 mutation was associated with a non-significant trend towards advanced T stage, PB 

subtype, lymph node-positive disease, and LVI with equivocal association with PNI disease.  

4. Further prospective studies with a large sample size, more genetic mutational assessments, 

and their impact from targeted therapy are required. 

 

 

 

 

 

 

 

 

 

 

 

 



76 
 

 

 

 

8. Bibliography 

1.  Esposito I, Friess H, Büchler MW. Carcinogenesis of cancer of the papilla and ampulla: 
pathophysiological facts and molecular biological mechanisms. Langenbecks Arch Surg. 2001 
Apr;386(3):163–71.  

2.  Kimura W, Futakawa N, Yamagata S, Wada Y, Kuroda A, Muto T, et al. Different 
clinicopathologic findings in two histologic types of carcinoma of papilla of Vater. Jpn J Cancer Res 
Gann. 1994 Feb;85(2):161–6.  

3.  Westgaard A, Tafjord S, Farstad IN, Cvancarova M, Eide TJ, Mathisen O, et al. Pancreatobiliary 
versus intestinal histologic type of differentiation is an independent prognostic factor in resected 
periampullary adenocarcinoma. BMC Cancer. 2008 Jun 11;8(1):170.  

4.  Häberle L, Riemer J, Esposito I. Molecular Pathology of Carcinomas of the 
Ampullary/Periampullary Region. In: Pancreatic Cancer. 2018. p. 265–81.  

5.  Jayaramayya K, Balachandar V, Santhy KS. Ampullary carcinoma-A genetic perspective. Mutat 
Res Rev Mutat Res. 2018 Jun;776:10–22.  

6.  Stern CD. A historical perspective on the discovery of the accessory duct of the pancreas, the 
ampulla “of Vater” and pancreas divisum. Gut. 1986 Feb;27(2):203–12.  

7.  Marchal G, J H. Les tumeurs oddiennes (ampullomes vateriens). Tumeurs oddiennes ampullomes 
vateriens. 1978;  

8.  Avisse C, Flament J-B, Delattre J-F. AMPULLA OF VATER: Anatomic, Embryologic, and 
Surgical Aspects. Surg Clin North Am. 2000 Feb 1;80(1):201–12.  

9.  Blechacz B, Gores GJ. Chapter 69 - Tumors of the Bile Ducts, Gallbladder, and Ampulla. In: 
Feldman M, Friedman LS, Brandt LJ, editors. Sleisenger and Fordtran’s Gastrointestinal and Liver 
Disease (Ninth Edition). Philadelphia: W.B. Saunders; 2010 

10.  Jarnagin WR. Blumgart’s Surgery of the Liver, Biliary Tract and Pancreas, 2-Volume Set (Sixth 
Edition) Philadelphia: Elsevier; 2017  

11.  Moekotte AL, Lof S, Van Roessel S, Fontana M, Dreyer S, Shablak A, et al. Histopathologic 
Predictors of Survival and Recurrence in Resected Ampullary Adenocarcinoma: International Multicenter 
Cohort Study. Ann Surg. 2020 Dec;272(6):1086–93.  

12.  Choi SB, Kim WB, Song TJ, Suh SO, Kim YC, Choi SY. Surgical Outcomes and Prognostic 
Factors for Ampulla of Vater Cancer. Scand J Surg. 2011 Jun 1;100(2):92–8.  

13.  Poultsides GA, Huang LC, Cameron JL, Tuli R, Lan L, Hruban RH, et al. Duodenal 
Adenocarcinoma: Clinicopathologic Analysis and Implications for Treatment. Ann Surg Oncol. 2012 
Jun;19(6):1928–35.  



77 
 

14.  Kiriyama M, Ebata T, Aoba T, Kaneoka Y, Arai T, Shimizu Y, et al. Prognostic impact of lymph 
node metastasis in distal cholangiocarcinoma. Br J Surg. 2015 Mar;102(4):399–406.  

15.  Lyu S, Li L, Zhao X, Ren Z, Cao D, He Q. Prognostic impact of lymph node parameters in distal 
cholangiocarcinoma after pancreaticoduodenectomy. World J Surg Oncol. 2020 Oct 8;18:262.  

16.  Sakata J, Shirai Y, Wakai T, Ajioka Y, Akazawa K, Hatakeyama K. Assessment of the nodal 
status in ampullary carcinoma: the number of positive lymph nodes versus the lymph node ratio. World J 
Surg. 2011 Sep;35(9):2118–24.  

17.  Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK, et al. The 
Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a 
more “personalized” approach to cancer staging. CA Cancer J Clin. 2017 Mar;67(2):93–9.  

18.  Riediger H, Keck T, Wellner U, zur Hausen A, Adam U, Hopt UT, et al. The lymph node ratio is 
the strongest prognostic factor after resection of pancreatic cancer. J Gastrointest Surg Off J Soc Surg 
Aliment Tract. 2009 Jul;13(7):1337–44.  

19.  Farid SG, Falk GA, Joyce D, Chalikonda S, Walsh RM, Smith AM, et al. Prognostic value of the 
lymph node ratio after resection of periampullary carcinomas. HPB. 2014 Jun 1;16(6):582–91.  

20.  Lino-Silva LS, Gómez-Álvarez MA, Salcedo-Hernández RA, Padilla-Rosciano AE, López-
Basave HN. Prognostic importance of lymph node ratio after resection of ampullary carcinomas. J 
Gastrointest Oncol. 2018  

21.  Hsu C-H, Chen T-D, Tsai C-Y, Hsu J-T, Yeh C-N, Jan Y-Y, et al. Prognostic Value of the 
Metastatic Lymph Node Ratio in Patients With Resectable Carcinoma of Ampulla of Vater. Medicine 
(Baltimore). 2015 Oct;94(42):e1859.  

22.  Cecchini S, Correa-Gallego C, Desphande V, Ligorio M, Dursun A, Wargo J, et al. Superior 
prognostic importance of perineural invasion vs. lymph node involvement after curative resection of 
duodenal adenocarcinoma. J Gastrointest Surg Off J Soc Surg Aliment Tract. 2012 Jan;16(1):113–20; 
discussion 120.  

23.  Sudo T, Murakami Y, Uemura K, Hayashidani Y, Hashimoto Y, Ohge H, et al. Prognostic Impact 
of Perineural Invasion Following Pancreatoduodenectomy With Lymphadenectomy for Ampullary 
Carcinoma. Dig Dis Sci. 2008 Aug 1;53(8):2281–6.  

24.  Shen F-Z, Zhang B-Y, Feng Y-J, Jia Z-X, An B, Liu C-C, et al. Current research in perineural 
invasion of cholangiocarcinoma. J Exp Clin Cancer Res CR. 2010 Mar 10;29(1):24.  

25.  Lee T, Teng TZJ, Shelat VG. Carbohydrate antigen 19-9 - tumor marker: Past, present, and 
future. World J Gastrointest Surg. 2020 Dec 27;12(12):468–90.  

26.  Park SH, Shin JH, Jung KU, Lee SR. Prognostic value of carcinoembryonic antigen and 
carbohydrate antigen 19–9 in periampullary cancer patients receiving pancreaticoduodenectomy. Asian J 
Surg. 2021 Jun 1;44(6):829–35.  

27.  Kau SY, Shyr YM, Su CH, Wu CW, Lui WY. Diagnostic and prognostic values of CA 19-9 and 
CEA in periampullary cancers. J Am Coll Surg. 1999 Apr;188(4):415–20.  

28.  Schiergens TS, Renz BW, Reu S, Neumann J, Al-Sayegh R, Nieß H, et al. Prognostic Value of 
Preoperative Serum Carcinoembryonic Antigen and Carbohydrate Antigen 19-9 After Resection of 
Ampullary Cancer. J Gastrointest Surg Off J Soc Surg Aliment Tract. 2017 Nov;21(11):1775–83.  



78 
 

29.  Hong SH, Koh YH, Rho SY, Byun JH, Oh ST, Im KW, et al. Primary adenocarcinoma of the 
small intestine: presentation, prognostic factors and clinical outcome. Jpn J Clin Oncol. 2009 
Jan;39(1):54–61.  

30.  Carter JT, Grenert JP, Rubenstein L, Stewart L, Way LW. Tumors of the ampulla of vater: 
histopathologic classification and predictors of survival. J Am Coll Surg. 2008 Aug;207(2):210–8.  

31.  Asano E, Okano K, Oshima M, Kagawa S, Kushida Y, Munekage M, et al. Phenotypic 
characterization and clinical outcome in ampullary adenocarcinoma. J Surg Oncol. 2016;114(1):119–27.  

32.  Zimmermann C, Wolk S, Aust DE, Meier F, Saeger H-D, Ehehalt F, et al. The pathohistological 
subtype strongly predicts survival in patients with ampullary carcinoma. Sci Rep. 2019 Sep 3;9(1):12676.  

33.  Fischer H-P, Zhou H. Pathogenesis of carcinoma of the papilla of Vater. J Hepatobiliary Pancreat 
Surg. 2004;11(5):301–9.  

34.  Kimura W, Futakawa N, Zhao B. Neoplastic diseases of the papilla of Vater. J Hepatobiliary 
Pancreat Surg. 2004 Aug 1;11(4):223–31.  

35.  Neoptolemos JP, Talbot IC, Shaw DC, Carr-Locke DL. Long-term survival after resection of 
ampullary carcinoma is associated independently with tumor grade and a new staging classification that 
assesses local invasiveness. Cancer. 1988;61(7):1403–7.  

36.  Ang DC, Shia J, Tang LH, Katabi N, Klimstra DS. The utility of immunohistochemistry in 
subtyping adenocarcinoma of the ampulla of vater. Am J Surg Pathol. 2014 Oct;38(10):1371–9.  

37.  Kim WS, Choi DW, Choi SH, Heo JS, You DD, Lee HG. Clinical significance of pathologic 
subtype in curatively resected ampulla of vater cancer. J Surg Oncol. 2012 Mar;105(3):266–72.  

38.  Ramaswamy A, Bhandare M, Bal M, Shrirangwar S, Kataria P, Majumdar S, et al. Clinico-
pathological correlates and survival outcomes in 214 resected ampullary adenocarcinomas - are outcomes 
different in intestinal and pancreatobiliary subtypes with adjuvant gemcitabine? HPB. 2020 
Mar;22(3):376–82.  

39.  Bowitz Lothe IM, Kleive D, Pomianowska E, Cvancarova M, Kure E, Dueland S, et al. Clinical 
relevance of pancreatobiliary and intestinal subtypes of ampullary and duodenal adenocarcinoma: Pattern 
of recurrence, chemotherapy, and survival after pancreatoduodenectomy. Pancreatol Off J Int Assoc 
Pancreatol IAP Al. 2019 Mar;19(2):316–24.  

40.  Osako M, Yonezawa S, Siddiki B, Huang J, Ho JJ, Kim YS, et al. Immunohistochemical study of 
mucin carbohydrates and core proteins in human pancreatic tumors. Cancer. 1993 Apr 1;71(7):2191–9.  

41.  Kulkarni MM, Khandeparkar SGS, Joshi AR, Kakade A, Fegade L, Narkhede K. 
Clinicopathological Study of Carcinoma of the Ampulla of Vater with Special Reference to MUC1, 
MUC2 and MUC5AC Expression. J Clin Diagn Res JCDR. 2017 May;11(5):EC17–20.  

42.  Zhou H, Schaefer N, Wolff M, Fischer H-P. Carcinoma of the ampulla of Vater: comparative 
histologic/immunohistochemical classification and follow-up. Am J Surg Pathol. 2004 Jul;28(7):875–82.  

43.  Lüttges J, Zamboni G, Longnecker D, Klöppel G. The immunohistochemical mucin expression 
pattern distinguishes different types of intraductal papillary mucinous neoplasms of the pancreas and 
determines their relationship to mucinous noncystic carcinoma and ductal adenocarcinoma. Am J Surg 
Pathol. 2001 Jul;25(7):942–8.  



79 
 

44.  Kitamura H, Yonezawa S, Tanaka S, Kim YS, Sato E. Expression of mucin carbohydrates and 
core proteins in carcinomas of the ampulla of Vater: their relationship to prognosis. Jpn J Cancer Res 
Gann. 1996 Jun;87(6):631–40.  

45.  Morini S, Perrone G, Borzomati D, Vincenzi B, Rabitti C, Righi D, et al. Carcinoma of the 
ampulla of Vater: morphological and immunophenotypical classification predicts overall survival. 
Pancreas. 2013 Jan;42(1):60–6.  

46.  Perysinakis I, Minaidou E, Mantas D, Sotiropoulos GC, Leontara V, Tsipras H, et al. 
Differentiation and prognostic markers in ampullary cancer: Role of p53, MDM2, CDX2, mucins and 
cytokeratins. Pathol Res Pract. 2016 Nov;212(11):1039–47.  

47.  Perysinakis I, Minaidou E, Leontara V, Mantas D, Sotiropoulos GC, Tsipras H, et al. Differential 
Expression of β-Catenin, EGFR, CK7, CK20, MUC1, MUC2, and CDX2 in Intestinal and 
Pancreatobiliary-Type Ampullary Carcinomas. Int J Surg Pathol. 2017 Feb;25(1):31–40.  

48.  Kumari N, Prabha K, Singh RK, Baitha DK, Krishnani N. Intestinal and pancreatobiliary 
differentiation in periampullary carcinoma: the role of immunohistochemistry. Hum Pathol. 2013 
Oct;44(10):2213–9.  

49.  Sessa F, Furlan D, Zampatti C, Carnevali I, Franzi F, Capella C. Prognostic factors for ampullary 
adenocarcinomas: tumor stage, tumor histology, tumor location, immunohistochemistry and microsatellite 
instability. Virchows Arch Int J Pathol. 2007 Sep;451(3):649–57.  

50.  de Paiva Haddad LB, Patzina RA, Penteado S, Montagnini AL, da Cunha JEM, Machado MCC, 
et al. Lymph node involvement and not the histophatologic subtype is correlated with outcome after 
resection of adenocarcinoma of the ampulla of vater. J Gastrointest Surg Off J Soc Surg Aliment Tract. 
2010 Apr;14(4):719–28.  

51.  Zapata M, Cohen C, Siddiqui MT. Immunohistochemical expression of SMAD4, CK19, and 
CA19-9 in fine needle aspiration samples of pancreatic adenocarcinoma: Utility and potential role. 
CytoJournal. 2007 Jun 22;4:13.  

52.  Blumgart LH, Kelley CJ. Hepaticojejunostomy in benign and malignant high bile duct stricture: 
Approaches to the left hepatic ducts. BJS Br J Surg. 1984;71(4):257–61.  

53.  Acharya A, Markar SR, Sodergren MH, Malietzis G, Darzi A, Athanasiou T, et al. Meta-analysis 
of adjuvant therapy following curative surgery for periampullary adenocarcinoma. Br J Surg. 2017 
Jun;104(7):814–22.  

54.  Jarnagin WR, editor. Acknowledgments. In: Blumgart’s Surgery of the Liver, Biliary Tract and 
Pancreas, 2-Volume Set (Sixth Edition) [Internet]. Philadelphia: Elsevier; 2017 [cited 2021 Nov 19]. p. 
xxvi. Available from: https://www.sciencedirect.com/science/article/pii/B9780323340625001485 

55.  Schultz NA, Roslind A, Christensen IJ, Horn T, Høgdall E, Pedersen LN, et al. Frequencies and 
prognostic role of KRAS and BRAF mutations in patients with localized pancreatic and ampullary 
adenocarcinomas. Pancreas. 2012 Jul;41(5):759–66.  

56.  Sitthideatphaiboon P, Teerapakpinyo C, Klaikaew N, Tanasanvimon S, Vinayanuwattikun C, 
Parinyanitikul N, et al. Prevalence of KRAS gene mutation in ampullary cancer in Thai patients. J Clin 
Oncol. 2014 May 20;32(15_suppl):e15175–e15175.  

57.  Chung CH, Wilentz RE, Polak MM, Ramsoekh TB, Noorduyn LA, Gouma DJ, et al. Clinical 
significance of K-ras oncogene activation in ampullary neoplasms. J Clin Pathol. 1996 Jun;49(6):460–4.  



80 
 

58.  Kim BJ, Jang HJ, Kim JH, Kim HS, Lee J. KRAS mutation as a prognostic factor in ampullary 
adenocarcinoma: a meta-analysis and review. Oncotarget. 2016 Aug 9;7(36):58001–6.  

59.  Lundgren S, Hau SO, Elebro J, Heby M, Karnevi E, Nodin B, et al. Mutational Landscape in 
Resected Periampullary Adenocarcinoma: Relationship With Morphology and Clinical Outcome. JCO 
Precis Oncol. 2019 Dec 1;(3):1–8.  

60.  Mikhitarian K, Pollen M, Zhao Z, Shyr Y, Merchant N, Parikh A, et al. Epidermal Growth Factor 
Receptor Signaling Pathway is Frequently Altered in Ampullary Carcinoma at Protein and Genetic 
Levels. Mod Pathol Off J U S Can Acad Pathol Inc. 2014 May;27(5):665–74.  

61.  Hechtman JF, Liu W, Sadowska J, Zhen L, Borsu L, Arcila ME, et al. Sequencing of 279 cancer 
genes in ampullary carcinoma reveals trends relating to histologic subtypes and frequent amplification 
and overexpression of ERBB2 (HER2). Mod Pathol Off J U S Can Acad Pathol Inc. 2015 
Aug;28(8):1123–9.  

62.  Chandrasegaram MD, Gill AJ, Samra J, Price T, Chen J, Fawcett J, et al. Ampullary cancer of 
intestinal origin and duodenal cancer - A logical clinical and therapeutic subgroup in periampullary 
cancer. World J Gastrointest Oncol. 2017 Oct 15;9(10):407–15.  

63.  Yamanaka Y, Friess H, Kobrin MS, Büchler M, Kunz J, Beger HG, et al. Overexpression of 
HER2/neu oncogene in human pancreatic carcinoma. Hum Pathol. 1993 Oct 1;24(10):1127–34.  

64.  Hall PA, Hughes CM, Staddon SL, Richman PI, Gullick WJ, Lemoine NR. The c-erb B-2 proto-
oncogene in human pancreatic cancer. J Pathol. 1990 Jul;161(3):195–200.  

65.  Safran H, Steinhoff M, Mangray S, Rathore R, King TC, Chai L, et al. Overexpression of the 
HER-2/neu oncogene in pancreatic adenocarcinoma. Am J Clin Oncol. 2001 Oct;24(5):496–9.  

66.  Safran H, Iannitti D, Ramanathan R, Schwartz JD, Steinhoff M, Nauman C, et al. Herceptin and 
gemcitabine for metastatic pancreatic cancers that overexpress HER-2/neu. Cancer Invest. 
2004;22(5):706–12.  

67.  Richman SD, Seymour MT, Chambers P, Elliott F, Daly CL, Meade AM, et al. KRAS and BRAF 
Mutations in Advanced Colorectal Cancer Are Associated With Poor Prognosis but Do Not Preclude 
Benefit From Oxaliplatin or Irinotecan: Results From the MRC FOCUS Trial. J Clin Oncol. 2009 Dec 
10;27(35):5931–7.  

68.  Lièvre A, Bachet J-B, Le Corre D, Boige V, Landi B, Emile J-F, et al. KRAS mutation status is 
predictive of response to cetuximab therapy in colorectal cancer. Cancer Res. 2006 Apr 15;66(8):3992–5.  

69.  Naidoo J, Drilon A. KRAS-Mutant Lung Cancers in the Era of Targeted Therapy. Adv Exp Med 
Biol. 2016;893:155–78.  

70.  Pao W, Wang TY, Riely GJ, Miller VA, Pan Q, Ladanyi M, et al. KRAS mutations and primary 
resistance of lung adenocarcinomas to gefitinib or erlotinib. PLoS Med. 2005 Jan;2(1):e17.  

71.  Howe JR, Klimstra DS, Cordon-Cardo C, Paty PB, Park PY, Brennan MF. K-ras mutation in 
adenomas and carcinomas of the ampulla of vater. Clin Cancer Res Off J Am Assoc Cancer Res. 1997 
Jan;3(1):129–33.  

72.  Schönleben F, Qiu W, Allendorf JD, Chabot JA, Remotti HE, Su GH. Molecular Analysis of 
PIK3CA, BRAF, and RAS Oncogenes in Periampullary and Ampullary Adenomas and Carcinomas. J 
Gastrointest Surg Off J Soc Surg Aliment Tract. 2009 Aug;13(8):1510–6.  



81 
 

73.  Oliveira-Cunha M, Hadfield KD, Siriwardena AK, Newman W. EGFR and KRAS Mutational 
Analysis and Their Correlation to Survival in Pancreatic and Periampullary Cancer. Pancreas. 2012 
Apr;41(3):428–34.  

74.  Valsangkar NP, Ingkakul T, Correa-Gallego C, Mino-Kenudson M, Masia R, Lillemoe KD, et al. 
Survival in ampullary cancer: Potential role of different KRAS mutations. Surgery. 2015 Feb 
1;157(2):260–8.  

75.  Kwon MJ, Kim JW, Jung JP, Cho JW, Nam ES, Cho SJ, et al. Low incidence of KRAS, BRAF, 
and PIK3CA mutations in adenocarcinomas of the ampulla of Vater and their prognostic value. Hum 
Pathol. 2016 Apr;50:90–100.  

76.  Swain JR, Tewari MT. Expression of p16 and KRAS in periampullary cancers. Ann Oncol. 2018 
Nov 1;29:ix62.  

77.  Aloysius MM, Lobo DN, Rowlands BJ, Madhusudan S, Ilyas M, Zaitoun AM. HER-2/Neu 
overexpression is a rare event in peri-ampullary cancer: assessment using the HercepTest. 
Histopathology. 2009 Aug;55(2):236–7.  

78.  Elebro J, Heby M, Warfvinge CF, Nodin B, Eberhard J, Jirström K. Expression and Prognostic 
Significance of Human Epidermal Growth Factor Receptors 1, 2 and 3 in Periampullary Adenocarcinoma. 
PLoS ONE. 2016 Apr 12;11(4):e0153533.  

79.  Ajiki T, Kamigaki T, Hasegawa Y, Fujino Y, Suzuki Y, Takeyama Y, et al. Proliferating cell 
nuclear antigen, p53, and c-erbB-2 expression in relation to clinicopathological variables and prognosis in 
cancer of the ampulla of Vater. Hepatogastroenterology. 2001 Oct;48(41):1266–70.  

80.  Stoecklein NH, Luebke AM, Erbersdobler A, Knoefel WT, Schraut W, Verde PE, et al. Copy 
number of chromosome 17 but not HER2 amplification predicts clinical outcome of patients with 
pancreatic ductal adenocarcinoma. J Clin Oncol Off J Am Soc Clin Oncol. 2004 Dec 1;22(23):4737–45.  

81.  Chou A, Waddell N, Cowley MJ, Gill AJ, Chang DK, Patch A-M, et al. Clinical and molecular 
characterization of HER2 amplified-pancreatic cancer. Genome Med. 2013;5(8):78.  

82.  Han S-H, Ryu KH, Kwon A-Y. The Prognostic Impact of HER2 Genetic and Protein Expression 
in Pancreatic Carcinoma—HER2 Protein and Gene in Pancreatic Cancer. Diagnostics [Internet]. 2021 
Apr;11(4). 

83.  Harder J, Ihorst G, Heinemann V, Hofheinz R, Moehler M, Buechler P, et al. Multicentre phase II 
trial of trastuzumab and capecitabine in patients with HER2 overexpressing metastatic pancreatic cancer. 
Br J Cancer. 2012 Mar;106(6):1033–8.  

 

 

 

 

 

 



82 
 

Summary 
Background: Periampullary adenocarcinomas (PAC) is a heterogeneous group of tumors with a 

wide range of genetic alterations. KRAS mutation and HER2 overexpression are one of the 

earliest mutations in the pathogenesis of PAC. To our knowledge, no study has evaluated 

genomic alteration in PAC in the Indian population. Our study aims to evaluate KRAS and 

HER2 mutations’ frequencies and their relation with clinico-pathological outcomes in PAC in 

patients undergoing pancreatoduodenectomy (PD). 

Objectives: To study the prevalence of KRAS and HER2 mutations in PAC and their relation 

with clinico-pathological outcomes post PD. 

Method and materials: This was a single-center prospective cohort study conducted in the 

Department of Surgical Gastroenterology of a tertiary care hospital of Jodhpur from January 

2020 to August 2021. Patients of age > 18 years who underwent PD for PAC were included in 

the study. Histopathological assessment was done via H & E staining as per standardized 

protocol.  Genetic mutational analysis of KRAS and HER2 mutation on a post-operative 

specimen of pancreatoduodenectomy for PAC was done via the FISH technique.  

Results: A total of 30 PAC patients were included in the study. Out of the 30 patients, 13 

(43.3%) were females, and the median age for the study population was 57.5 years (37-83 years). 

KRAS and HER2 mutations were positive in 14/30 (47.2%) and 6/30 (20%) patients in the study 

population. Out of 14 (47.2%) KRAS mutation-positive patients, pancreatobiliary (PB) and 

intestinal subtypes were present in 11 (79%) and 3 (21%) patients, respectively. Five (35%) and 

8 (57%) patients had advanced T stage and lymph node (LN) positive disease, respectively. 

Perineural invasion (PNI) and lymphovascular invasion (LVI) were present in 7 (50%) and 7 

(50%) patients, respectively. Out of 6 (20%) HER2 mutation-positive patients, PBand intestinal 

subtypes were present in 4 (66%) and 2 (34%) patients. Four (66%) and 4 (66%) patients had 

advanced T stage and LN positive disease. PNI and LVI were present in 3 (50%) and 6 (66.6%) 

patients. 

Conclusion: Prevalence of KRAS and HER2 mutations were 46.7% and 20% in the study 

population, respectively. KRAS mutation was a/w  non-significant trend towards early T stage, 

PB subtype, LN negative with equivocal association with PNI and LVI disease. HER2 mutation 

was a/w non-significant trend towards advanced T stage, PB subtype, LN positive disease, and 

more LVI with equivocal association with PNI and LVI disease 
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10. Annexure  
10.1 Ethical clearance
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10.2 PARTICIPANT INFORMED CONSENT FORM (PICF) 

Participant identification number for this trial: _______________________ 

Title of project: Analysis of KRAS and HER2 mutations with their clinico-pathological relation 
in periampullary carcinoma undergoing pancreatoduodenectomy. 
 
Name of Principal Investigator: Dr. Ashish Swami        Tel. No(s). 9413265876 

The contents of the information sheet dated ……………….. That was provided have been read 
carefully by me / explained in detail to me, in a language that I comprehend, and I have fully 
understood the contents.  I confirm that I have had the opportunity to ask questions. 

The nature and purpose of the study and its potential risks/benefits and expected duration of the 
study, and other relevant details of the study have been explained to me in detail.  I understand 
that my participation is voluntary and that I am free to withdraw at any time, without giving any 
reason, without my medical care or legal right being affected. 

I understand that the information collected about me from my participation in this research and 
sections of any of my medical notes may be looked at by responsible individuals from AIIMS.  I 
give permission for these individuals to have access to my records. 

I agree to take part in the above study. 

---------------------------------------------       Date: 

(Signatures / Left Thumb Impression)      Place: 

Name of the Participant: ____________________________________  

Son / Daughter / Spouse of: __________________________________  

Complete postal address: _____________________________________  

This is to certify that the above consent has been obtained in my presence. 

Signatures of the Principal Investigator   Date:     Place:  

 

1)  Witness – 1      2) Witness – 2 

Signatures       Signatures  

Name:       Name:  

Address:       Address:  
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10.3 सहभागी सिुचत सहमित ᮧपᮢ 

इस जाचं के िलए सहभागी पहचान नमबर_______________ 

अनुस᭠धान  शीषᭅक : Analysis of KRAS and HER2 mutations with their clinico-pathological 
relation in periampullary carcinoma undergoing pancraetoduodenectomy. 

म᭎ुय अ᭠वेषक का नाम :  Dr Ashish Swami       फोन नंबर: 
9413265876 

मᱹने ᳰदनांक_______________ के सचूना पᮢ मᱶ ᳰदय ेगए सभी त᭝यो को पड़ िलया ह|ᱹ मुझ ेसमझ आने वालᱭ 
भाषा मᱹ िव᭭तारपूवᭅक बᱫा ᳰदया ह ैऔर मैनᱶ त᭝यो को भली भांित समझ िलया ह|ै मᱹ पुि᳥ करता ᱠ ँᳰक मुझ ेᮧशन 

पुछने का अवसर ᳰदया गया ह|ै 

मुझ ेअ᭟ययन कᳱ ᮧकृित, उ᳎े᭫ य और इसके स᭥भािवत लाभ/जोिखमᲂ और अ᭟ययन कᳱ स᭥भािवत अविध अ᭠य 

ᮧासंिगक जानकारी के बारे मᱶ िव᭭तार पुवᭅक समझा ᳰदया गया ह ै | मᱶ समझाता ᱠ ँ ᳰक इस अ᭟ययन मᱶ मेरी 
भािगधारी ᭭वेिछक ह ैऔर इस अ᭟ययन से ᳰकसी भी समय िबना कोई कारण बताए, िबना मेरी िचᳰक᭜सा 
दखेभाल या कानूनी अिधकारᲂ के ᮧभािवत हए अपना नाम वािपस ले सकता/सकती ᱠ ँ 

मᱹ समझता ᱠ ँᳰक इस अनुस᭠धान मᱶ मेरी सहभािगता से मेरे बारे मᱶ एकᮢ जानकारी और िचᳰक᭜सीय नोटᲂ को 
ए᭥स अ᭭पताल के िज᭥मेदार लोगो ᳇ारा दखेा जायेगा| मᱹ इन ᳞िᲦयᲂ को अपने ᳯरकोडᭅ दखेने ᳰक अनुमित ᮧदान 

करता/करती ᱠ ँ| 

मᱹ उपयुᲦᭅ  अ᭟यन मᱶ भाग लेने के िलए अपनी सहमित ᮧदान करता /करती ᱠ ँ| 

सहभागी के ह᭭ताᭃर / बाए ंअंगठेू का िनशान         ᳰदनांक:               ᭭थान:  

सहभागी का नाम  

िपता/पित का नाम       पूरा पता  

यह ᮧमािणत ᳰकया जाता ह ेᳰक उपयुᲦᭅ  सहमित मेरी उप᭭थित मᱶ ली गᲊ ह ᱹ| 

म᭎ुय अ᭠वेषक के ह᭭ताᭃर                    ᳰदनाक:        ᭭थान: 

१) गवाह के ह᭭ताᭃर    २) गवाह के ह᭭ताᭃर  
   नाम          नाम 
   पता          पता 
10.4 Information to participants: 

Title: Analysis of KRAS and HER2 mutations with their clinico-pathological relation in 
periampullary carcinoma undergoing pancreatoduodenectomy. 
 
Name of Participant: .................................................................................. 
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You are invited to take part in this research study. The information in this document is meant to 
help you decide whether or not to take part. Please feel free to ask if you have any queries or 
concerns. 

You are being asked to participate in this study being conducted in AIIMS, Jodhpur, because you 
satisfy our eligibility criteria. 

What is the purpose of research? 

This study looks into the mutational status of 2 selected genes (KRAS and HER2neu) in 
periampullary carcinoma.  If you enroll in it, you will be benefitted from the genetic and 
mutational status of the carcinoma with possible early prognostic stratification. We have 
obtained permission from the Institutional Ethics Committee to conduct this study. 

The study design 

The study will be a single-center prospective observational study, and patients will be recruited 
from the Department of Surgical gastroenterology. 

Study Procedures 

The study involves evaluation of the correlation of mutational status detected by FISH technique 
with histopathology specimen (including subtype detection via IHC) of post 
pancreatoduodenectomy in periampullary carcinoma. You will be informed about procedures to 
be done on the histopathology specimen.  

Possible risks to you. 

There is no added risk other than the risk involved due to surgery and disease. 

Possible benefits to you 

Identification of genetic alterations in the periampullary carcinoma with possible early 
prognostic stratification of the tumor. 

Compensation 

Nil 

Possible benefits to other people 

The results of the research may provide benefits to society in terms of advancement of medical 
knowledge and/or therapeutic benefit to future patients. 

The alternatives you have 
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If you do not wish to participate, you still will get the histopathology report of your 
histopathology specimen.  

Reimbursement 

You will not be paid to participate in this research study. 

What should you do in case of injury or a medical problem during this research study? 

Your safety is the prime concern of the research. If you are injured or have a medical problem as 
a result of being in this study, you should contact one of the people listed at the end of the 
consent form. You will be provided the necessary care/treatment. 

Confidentiality of the information obtained from you     

You have the right to confidentiality regarding the privacy of your medical information (personal 
details, results of physical examinations, investigations, and your medical history). By signing 
this document, you will be allowing the research team investigators, other study personnel, 
sponsors, institutional ethics committee, and any person or agency required by law like the Drug 
Controller General of India to view your data, if required. The results of clinical tests and therapy 
performed as part of this research may be included in your medical record. The information from 
this study, if published in scientific journals or presented at scientific meetings, will not reveal 
your identity. 

How will your decision not to participate in the study affect you? 

Your decision not to participate in this research study will not affect your medical care or your 
relationship with the investigator or the institution. Your doctor will still take care of you, and 
you will not lose any benefits to which you are entitled. 

Can you decide to stop participating in the study once you start? 

Participation in this research is purely voluntary, and you have the right to withdraw from this 
study at any time during the course of the study without giving any reasons.  

Can the investigator take you off the study? 

You may be taken off the study without your consent. 

Right to new information 

If the research team gets any new information during this research study that may affect your 
decision to continue participating in the study or raise some doubts, you will be told about that 
information. 

Contact persons 
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For further information/questions, you can contact us at the following address: 

Principal Investigator: 

 Dr. Ashish Swami           

Senior resident                                                                                  Ph: 9413265876 

Dept. of Surgical Gastroenterology    email: drashishswami10@gmail.com 

Principal guide and Co-Investigator 

Dr Vaibhav Kumar Varshney                                Ph: 9968223072 

Associate Professor                     email: drvarshney09@gmail.com 

Dept. of Surgical Gastroenterology 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.5 भागीदारᲂकेिलएसूचना 
शीषᭅक: Analysis of KRAS and HER2 mutations with their clinico-pathological relation in 

periampullary carcinoma undergoing pancreatoduodenectomy. 
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ᮧितभागी का नाम: 
………………………………………………………………………………………… 

आपको इस शोध अ᭟ययन मᱶ भाग लेने के िलए आमंिᮢत ᳰकया जाता ह।ै इस द᭭तावज़े मᱶ दी गई जानकारी यह 

तय करन ेमᱶ आपकᳱ सहायता करने के िलए ह ैᳰक भाग लनेा ह ैया नहᱭ। कृपया पूछᱶ ᳰक ᭍या आपके पास कोई ᮧ᳤ 

या ᳲचता ह ैया नहᱭ। आपको ए᭥स, जोधपुर मᱶ आयोिजत इस अ᭟ययन मᱶ भाग लेन े के िलए कहा जा रहा ह ै

᭍यᲂᳰक आप हमारे यो᭏यता मानदडंᲂ को पूरा करते ह।ᱹ 
 

शोध का उ᳎े᭫ य ᭍या ह?ै 

यह अ᭟ययन पेरीए᭥पुलरी काᳶसनोमा मᱶ 2 चयिनत जीनᲂ (KRAS  तथा HER2neu) कᳱ उ᭜पᳯरवतᭅन ि᭭थित को 
दखेता ह।ै यᳰद आप इसमᱶ दािखला लेते ह ᱹतो आप सभंािवत ᮧारंिभक रोगिनरोधी ᭭तरीकरण के साथ काᳶसनोमा 
कᳱ आनुवंिशक और  उ᭜पᳯरवतᭅन ि᭭थित जानन ेसे लाभाि᭠वत हᲂगे।  हमने इस अ᭟ययन के संचालन के िलए 

सं᭭थागत आचार सिमित से अनुमित ᮧा᳙ कᳱ ह।ै  
 

अ᭟ययन िडजाइन 

अ᭟ययन एक एकल कᱶ ᮤ संभािवत अवलोकन अ᭟ययन होगा और रोिगयᲂ को सᳶजकल गै᭭ ᮝोएटेंरोलॉजी िवभाग 

से भतᱮ 
कराया जाएगा। 
 

अ᭟ययन ᮧᳰᮓयाए ं

अ᭟ययन मᱶ पेᳯरअ᭥पुलेरी काᳶसनोमा मᱶ पो᭭ट पैि᭠ᮓयाᳯटको-डुओडनेे᭍टॉमी के मा᭟यम से िह᭭टोपैथोलॉजी नमनूा 
(IHC के मा᭟यम से उपᮧकार का पता लगाने सिहत) के साथ जीनᲂ कᳱ उ᭜पᳯरवतᭅन कᳱ ि᭭थित का पता लगाया 
गया ह।ै आपको िह᭭टोपैथोलॉजी नमूने पर कᳱ जाने वाली ᮧᳰᮓयाᲐ के बारे मᱶ सूिचत ᳰकया जाएगा। सभी 
घटनाᲐ को ᳯरकॉडᭅ ᳰकया जाएगा। 
 

आपके िलए सभंािवत जोिखम 

श᭨य िचᳰक᭜सा और बीमारी के कारण जोिखम के अलावा कोई अितᳯरᲦ जोिखम नहᱭ ह।ै 
आपके िलए सभंािवत लाभ 

Ჷूमर के संभािवत ᮧारंिभक रोगाणरुोधी ᭭तरीकरण के साथ पेरीए᭥पुलरी काᳶसनोमा मᱶ आनुवंिशक पᳯरवतᭅन 

कᳱ पहचान। 
नकुसान भरपाई- शू᭠य 

 

अ᭠य लोगᲂ के िलए सभंािवत लाभ 

शोध के नतीजे भिव᭬य के मरीजᲂ को िचᳰक᭜सा ᭄ान और / या िचᳰक᭜सकᳱय लाभ के उ᳖यन के मामल ेमᱶ समाज 

को लाभ ᮧदान कर सकत ेह।ᱹ 
 

आपके पास िवक᭨प ह ᱹ



90 
 

यᳰद आप भाग लेना नहᱭ चाहते ह,ᱹ तो भी आपको अपनी हालत के िलए मानक उपचार िमलेगा। 
अदायगी 
इस शोध अ᭟ययन मᱶ भाग लेने के िलए आपको भुगतान नहᱭ ᳰकया जाएगा। 
 

इस शोध अ᭟ययन के दौरान चोट या िचᳰक᭜सा सम᭭या के मामले मᱶ आपको ᭍या करना चािहए? 

आपकᳱ सुरᭃा अनुसंधान कᳱ ᮧमुख ᳲचता ह।ै यᳰद आप इस अ᭟ययन मᱶ होन ेके पᳯरणाम᭭वᱨप घायल हो गए ह ᱹ

या िचᳰक᭜सा सम᭭या ह,ै तो आपको सहमित फॉमᭅ के अंत मᱶ सूचीब᳍ लोगᲂ मᱶ स ेएक से संपकᭅ  करना चािहए। 
आपको आव᭫यक दखेभाल / उपचार ᮧदान ᳰकया जाएगा। 
 

आप स ेᮧा᳙ जानकारी कᳱ गोपनीयता 
आपको अपनी िचᳰक᭜सा जानकारी (᳞िᲦगत िववरण, शारीᳯरक परीᭃाᲐ के पᳯरणाम, जांच, और आपके 

िचᳰक᭜सा इितहास) कᳱ गोपनीयता के संबंध मᱶ गोपनीयता का अिधकार ह।ै इस द᭭तावज़े पर ह᭭ताᭃर करके, 

आप अनुसंधान टीम जांचकताᭅᲐ, अ᭠य अ᭟ययन कᳶमयᲂ, ᮧायोजकᲂ, सं᭭थागत नैितकता सिमित और कानून के 

अनुसार आव᭫यक ᳰकसी भी ᳞िᲦ या एजᱶसी को भारत के ᮟग कंᮝोलर जनरल कᳱ आव᭫यकता होगी, यᳰद 

आव᭫यक हो तो आपका डटेा दखेने के िलए। इस शोध के िह᭭स े के ᱨप मᱶ ᳰकए गए नैदािनक परीᭃण और 

िचᳰक᭜सा के पᳯरणाम आपके मेिडकल ᳯरकॉडᭅ मᱶ शािमल ᳰकए जा सकत ेह।ᱹ इस अ᭟ययन कᳱ जानकारी, यᳰद 

व᭄ैािनक पिᮢकाᲐ मᱶ ᮧकािशत या व᭄ैािनक बैठकᲂ मᱶ ᮧ᭭तुत कᳱ गई ह,ै तो आपकᳱ पहचान ᮧकट नहᱭ होगी। 
 

अ᭟ययन मᱶ भाग लने ेका आपका िनणᭅय आपको कैस ेᮧभािवत करेगा? 

इस शोध अ᭟ययन मᱶ भाग लेने के आपके िनणᭅय से आपकᳱ िचᳰक᭜सा दखेभाल या जांचकताᭅ या सं᭭थान के साथ 

आपके संबंध ᮧभािवत नहᱭ हᲂगे। आपका डॉ᭍टर अभी भी आपकᳱ दखेभाल करेगा और आप ᳰकसी भी लाभ को 
खो दᱶग ेनहᱭ िजसके िलए आप हकदार ह।ᱹ 
 

᭍या आप शᱨु करन ेके बाद अ᭟ययन मᱶ भाग लने ेसे रोकने का फैसला कर सकत ेह?ᱹ 

इस शोध मᱶ भागीदारी पूरी तरह से ᭭वैि᭒छक ह ैऔर आपको िबना ᳰकसी कारण बताए अ᭟ययन के दौरान ᳰकसी 
भी समय इस अ᭟ययन से वापस लेने का अिधकार ह।ै 
 

᭍या जाचंकताᭅ आपको अ᭟ययन स ेबाहर ले जा सकता ह?ै 

आपको अपनी सहमित के िबना अ᭟ययन से बाहर ले जाया जा सकता ह ै

नई जानकारी का अिधकार 

यᳰद इस शोध अ᭟ययन के दौरान शोध दल को कोई नई जानकारी िमलती ह ैजो अ᭟ययन मᱶ भाग लेने के आपके 

फैसल ेको ᮧभािवत कर सकती ह,ै या कुछ संदहे उठा सकती ह,ै तो आपको उस जानकारी के बारे मᱶ बताया 
जाएगा। 
सपंकᭅ  करᱶ 
अिधक जानकारी / ᮧ᳤ᲂ के िलए, आप िन᳜िलिखत पते पर हमसे संपकᭅ  कर सकत ेह:ᱹ 

म᭎ुय जाचँकताᭅ: 
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Dr. Ashish Swami           
Senior resident                                                                               Ph: 9413265876 
Dept. of Surgical Gastroenterology         email: 
drashishswami10@gmail.com 
 

ᳲᮧिसपल गाइड और सह-जाचंकताᭅ 
Dr Vaibhav Kumar Varshney                                 Ph: 9968223072  
Associate Professor            email: drvarshney09@gmail.com 
Dept. of Surgical Gastroenterology 
 

 

 

 

 

10.6 PROFORMA       Patient ID:   

BASIC INFORMATION OF PATIENT 

 
 
CHIEF COMPLAINTS 
 
 
 
 
RISK FACTORS 

NATURE YES NO DURATION ABSTINENCE  

     

     

Name  
Age (in years)  
Sex  
Hospital No.  
Address 
  

 

Phone number  
Index Diagnosis  



92 
 

     

         
Pre-op CECT (STAGE):  
 
PREOPERATIVE PERIOD 

 YES NO 

Neoadjuvant 
therapy(CT/RT/CRT) 

  

Preoperative counseling    

 
Type of neoadjuvant therapy (CT/RT/CTRT): 
 
Procedure: 
Date of Surgery:  
Intra operative:  
Findings 
Vascular involvement:   Yes/   No 
Histopathological analysis: 
 

 Finding 
T stage  

Size of tumor  
 

 Finding 
N Stage  

No. of lymph node-positive  
Lymph node yield  

 
 Finding 

Grade  

Vascular invasion  

Lymphatic invasion  

Perineural invasion  

 
Final Pathological stage :  
 

Morphology Finding  
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Pancreatobiliary  Yes/ No 
Intestinal Yes/ No 

Mucin   
 
Genetic analysis: 
 

Mutation  
KRAS mutation Yes /   No 

Her 2 overexpression Yes/  No 
+1,  +2, +3 

      
Final Findings:       Patient Id: 

 

 

 

10.7 Abbreviations 

CBD      Common bile duct 

CK      Cytokeratin 

HER2      Human epidermal growth factor receptor 2 

H&E      Hematoxylin and Eosin 

IHC      Immuno-histochemistry 

KRAS      Kirsten rat sarcoma virus 

LN       Lymph node 

LVI      Lymphovascular invasion  

MUC      Mucin 

PAC      Periampullary carcinoma 

PB      Pancreatobiliary 

PDAC      Pancreatic adenocarcinoma 

PD      Pancreatoduodenectomy 
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PNI       Perineural invasion 

 

 

 

 

 

 

 

 

 

 

Patient datasheet 
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10.9 Plagiarism 

 


