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1. Abstract

1.1. Background: Ampullary cancer is of  particular classificatory 
interest as it may arise either from the intestinal epithelium or the 
epithelium covering the pancreatobiliary ducts knows as Intestinal 
type (IT) and Pancreatobiliary type (PBT) respectively. These 2 his-
tological subtypes have different clinical characteristics, in terms of  
disease stage, recurrence rates and survival. Immunohistochemical 
staining against specific differentiation markers, including cytoker-
atins 7 (CK7) and 20 (CK20), mucins 1 (MUC1) and 2 (MUC2), as 
well as caudal-type homeodomain (CDX2) protein, has been proven 
to be a useful adjunct in determining the exact histological subtype, 
especially in cases of  large or mixed-type tumors.

1.2. Material and Methods

During the study period (2018–2021), 15 consecutive patients with  
IT and 15 consecutive patients with  PBT adenocarcinoma, based on 
H&E staining characteristics, were included in analysis. Data on clin-
ical parameters, including age, gender, pre-operative assessment of  
disease stage, CA 19-9 serum levels and histopathological parameters 
including tumor size, pT stage, pN stage, LVI, PNI and differentia-
tion were collected in a prospective manner from patients’ surgical 
and pathological records. IHC markers (CK7, CK20, CDX20 and 
MUC1) were analyzed on all histopathological blocks.

1.3. Results

In our analysis, pT Stage, Tumor Stage, CA 19-9 (IU/mL), Tumor 
size (cm), PNI, MUC1, combination CK7/MUC1, CK20, CDX2, 
combination CK20/CDX2 were significantly associated with histo-

logical subtype. CDX2 expression was found to have highest diag-
nostic accuracy (96.7%) for histological subtype followed by, in de-
creasing frequency, high CA 19-9 (93.3%), MUC1 (90%) and CK20/
CDX2 combination (90%) and CK20 (86.7%). CDX2 was the only 
marker that showed highest sensitivity (100%) and high specificity 
(93.3%) for predicting IT. MUC1 positivity was associated with PBT 
with highest sensitivity of  100% and high specificity of  80%. The 
combination of  CK7/MUC1 showed 86.7% sensitivity and 80% 
specificity with 83.3% diagnostic accuracy to identify PBT tumor, 
whereas combination of  CK20/CDX2 showed 100% sensitivity and 
80% specificity with 90% diagnostic accuracy to identify IT tumor.

1.4. Conclusion

CDX2 and MUC1 have a highest sensitivity (100%) and highest NPV 
(100%) for IT and PBT differentiation respectively. These immuno-
histochemical subtypes correlates well with the conventional histo-
morphological classification. A panel of  IHC markers like CK20 and 
CDX2 together allows better identification of  differentiation than 
the use of  single markers alone. 

2. Introduction

Carcinomas of  the ampulla of  Vater represent 0.5% of  gastroin-
testinal carcinomas and 7% of  carcinomas arising in the region of  
the head of  the pancreas [1]. Although uncommon, ampullary ad-
enocarcinoma accounts for 90% of  ampullary epithelial neoplasms. 
Ampulla of  vater malignancy are not common tumors but still they 
are second most common malignancy of  periampullary region [1-3]. 
Due to the different prognosis of  ampullary cancer, compared with 
other periampullary cancers, an independent TNM classification of  
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this malignancy is used traditionally [4]. 

Ampullary cancer is of  particular classificatory interest as it may arise 
either from the intestinal epithelium or the epithelium covering the 
pancreatobiliary ducts [5] It was first described by Kimura et al in 
1994 that adenocarcinomas of  the ampulla, which comprise 90% of  
all its malignancies, are categorized into 2 main histological subtypes, 
the IT and the PBT [6]. Albores-Saavedra et al., [7] also classified the 
ampullary cancer into these 2 subtypes. WHO has classified this di-
gestive cancer based on molecular profile and immunohistochemical 
staining [8]. 

The current classification of  ampullary carcinomas relies on this dis-
tinction and also includes uncommon subtypes such as mucinous 
adenocarcinoma.

Apart from different microscopic characteristics, the 2 histological 
subtypes have different clinical characteristics, in terms of  disease 
stage, recurrence rates and survival [6]. Consequently, sub-classifi-
cation of  ampullary adenocarcinomas not only has prognostic and 
therapeutic implications but could possibly lead to adjustment in 
TNM staging criteria [4]. 

In most studies, [6, 7, 8, 9, 10] carcinomas of  the pancreatobiliary 
subtype are found to be more aggressive than that of  the intestinal 
subtype (5-yr disease survival rate of  48% vs. 73%).

Similarly, for chemotherapy response, small retrospective studies 
have suggested that patients with PBT carcinomas may benefit from 
gemcitabine therapy, and those with IT tumors may benefit from a 
5-fluorouracil (5-FU)-based regimen. 

Immunohistochemical staining against specific differentiation mark-
ers, including cytokeratins 7 (CK7) and 20 (CK20), mucins 1 (MUC1) 
and 2 (MUC2), as well as caudal-type homeodomain (CDX2) pro-
tein, have shown significantly high sensitivity, specificity and diagnos-
tic accuracy in diagnosing the precise histological subtype, especially 
in case of  mixed type and large size tumors.

2.1. Aim

To analyze the importance of  IHC markers as single or a panel to 
differentiate between 2 morphological types of  periampullary adeno-
carcinoma and their clinico-pathological implications.

2.2. Objectives

1.	 To utilize IHC markers (CK7, CK20, CDX2 and MUC1) to 
assess their ability to differentiate between histological IT and PBT 
tumor.

2.	 To evaluate the sensitivity, specificity, PPV, NPV and diag-
nostic accuracy of  each IHC marker in diagnosing histological IT 
and PBT of  tumor.

3.	 To assess the accuracy of  markers’ panel in diagnosing IT 
and PBT tumor.

3. Materials and Methods

3.1. Patients and Data

Permission for the study was obtained from an institutional review 
board. It is a prospective study of  periampullary adenocarcinoma. 
During the study period (2018–2021), a standardized protocol was 
followed for diagnostic workup of  pancreatoduodenectomy speci-
mens: every specimen was examined macroscopically by an experi-
enced pathologist. Identifiable tumor masses or suspected areas were 
measured in three dimensions. Localization, size and distance of  the 
tumor to the resection margins were documented and lymph node 
stations were separately evaluated. Inclusion criterias included age > 
18 years, no history of  previous neoadjuvant therapy, periampullary 
location of  tumor, biopsy proven adenocarcinoma and patients with-
out history of  previous biliary stenting. Exclusion criteria included 
benign tumors or non-invasive (in situ) carcinomas, unusual types 
(Mucinous, Poorly differentiated) of  ampullary adenocarcinomas, 
neuroendocrine tumors and mixed variety of  tumors ( IT and PBT 
mixed phenotype in single tumor). Histological staining assessment 
was done by 2 independent pathologists. Finally, 15 consecutive pa-
tients with  IT and 15 consecutive patients with PBT adenocarcino-
ma, based on H&E staining characteristics, were included in final 
analysis. Data on clinical parameters, including age, gender, pre-op-
erative assessment of  disease stage, CA 19-9 serum levels and his-
topathological parameters including tumor size, pT stage, pN stage, 
LVI, PNI and differentiation were collected in a prospective manner 
from patients’ surgical and pathological records. 

3.2. Histology

All tumors were classified as either IT or PBT, according to the crite-
ria suggested by Kimura et al., [6] and later revised by Albores-Saave-
dra et al., [7].  Tumors presenting with mixed pattern were classified 
according to the dominant component. Cancer staging was per-
formed using the 8th edition of  the TNM staging system issued by 
the American Joint Committee on Cancer [11, 12].

3.3. Immunohistochemistry

The most representative blocks were selected for immunohistochem-
ical staining. These blocks were serially sectioned at 3.5 µm thick-
ness, put on slides and stored. The sections were deparaffinized and 
pre-treated before incubation with following antibodies:

1.	 CK7 (dilution 1:100, monoclonal mouse antihuman Cyto-
keratin 7, clone OV-TL 12/30, code AM944-5M, BioGenex)

2.	 CK20 (dilution 1:20, monoclonal mouse antihuman Cyto-
keratin 20, clone IT-Ks 20.8, code AM946-5M, BioGenex)

3.	 MUC1 (Ready-To-Use, rabbit monoclonal antibody MUC1, 
clone EP85, code AN813-5M, BioGenex)

4.	 CDX2 (dilution 1:40, monoclonal mouse antihuman 
CDX2, clone CDX2-88, code AM392-5M, BioGenex)

IHC staining was performed using the Biogenics X Matrix elite auto 
immunostainer following the manufacturer’s protocols. Immunore-
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activity was evaluated according to published criteria [10, 13, 14]. In 
mixed-type tumors the immunohistochemical scoring was performed 
throughout the lesion. Only nuclear immunoreactivity for CDX2 was 
assessed, and samples were regarded as positive if  more than 25% of  
the nuclei were positive. Both membranous and cytoplasmic staining 
for MUC1, CK7 and CK20 were assessed, and samples were regard-
ed as positive if  more than 10% of  cells were positive.

3.4. Statistical Analysis

Data were coded and recorded in MS Excel spreadsheet program. 
SPSS v23 (IBM Corp.) was used for data analysis. Descriptive statis-
tics were elaborated in the form of  means/standard deviations and 
medians/IQRs for continuous variables, and frequencies and per-
centages for categorical variables. Data were presented in a tabular 
manner. Group comparisons for continuously distributed data were 
made using independent sample ‘t’ test when comparing two groups. 
If  data were found to be non-normally distributed, appropriate 
non-parametric tests in the form of  Wilcoxon Test were used. Chi-
squared test was used for group comparisons for categorical data. In 
case the expected frequency in the contingency tables was found to 
be <5 for >25% of  the cells, Fisher’s Extract test was used instead. 
Linear correlation between two continuous variables was explored 
using Pearson’s correlation (if  the data were normally distributed) 
and Spearman’s correlation (for non-normally distributed data). Sta-
tistical significance was kept at p < 0.05

4. Results

(Figure 1 and 2) showing H&E staining characteristics and IHC 
markers’ expression in IT and PBT adenocarcinoma tumors in our 
study. 

(Table 1) shows summary of  clinical and histopathological features 
of  tumors. A total of  30 patients who had undergone pancreato-du-
odenectomy for periampullary malignancy were included in this 
study. 15 (50%) cases of  IT and 15 (50%) cases of  PBT were includ-
ed based on histopathological analysis.

The mean Age (Years) was 61.13 ± 10.71.

Out of  30 cases, 22 (73.3%) were male and 8 (26.7%) female.

11 cases (36.7%) were found to have pT2 lesion followed by 6 cases 
(20%) had pT3a lesion, 5 cases (16.7%) had pT3b lesion, 3 cases 
(10%) had pT1a and pT1b lesion. 2 (6.7%) cases had pT4 lesion.

22 (73.3%) cases had pN0 stage followed by 6 (20.0%) cases had pN1 
stage and 2 (6.7%) cases had pN2 stage.

Most frequently found stage was stage IB in 8 (26.7%) followed by 5 
cases (16.7%) in each stage IIA, IIB and IIIA. 

The median CA 19-9 (IU/mL) was 105 (80 – 172.50).

15 (50.0%) cases had CA 19-9: <100 IU/mL and 15 (50.0%) cases 
had CA 19-9: ≥100 IU/mL.

Majority of  tumors (n=27, 90%) were grade 2 moderately differenti-
ated and 2 patients had grade 3 poorly differentiated tumors (6.7%).

The mean Tumor size (cm) was 2.91 ± 1.56.

10 (33.3%) cases had Tumor size: <2 cm and 20 (66.7%) cases had 
Tumor size: ≥2 cm.

PNI was present in 9 cases (30%) whereas LVI was present in 2 cases 
(6.7%).

(Table 2) is showing clinical and histopathological variables and their 
association in predicting histological subtype of  tumor.

The following variables were significantly associated (p<0.05) with 
the histological subtype: pT Stage, Tumor Stage, CA 19-9 (IU/mL), 
Tumor size (cm), PNI, MUC1, CK7/MUC1, CK20, CDX2, CK20/
CDX2.

The mean age in IT group was 58.73 years and PBT group was 63.53 
years.

There was no significant difference between the groups in terms of  
Age (t = -1.239, p = 0.226).

There was no significant difference between the various groups in 
terms of  distribution of  Gender (χ2 = 0.682, p = 0.682).

There was a significant difference between the various groups in 
terms of  distribution of  pT Stage (χ2 = 13.273, p = 0.011). 

The most common T stage seen with IT group was pT2 (53.3%) 
followed by pT1a (20%). The most common T stage seen with PBT 
group was pT3b (33.3%) followed by pT3a (26.7%). The tumors in 
PBT group was found to be of  higher pT stage compared with IT 
group, which was statistically significant (p=0.011).

The most common overall tumor stage observed in IT group was 
stage IB (46.7%) followed by stage IIIA (26.7%), whereas most com-
mon overall tumor stage seen with PBT group was stage IIB (33.3%) 
followed by stage IIA and IIIB (each 26.7%). The higher overall stage 
was seen to be more commonly associated with PBT group, which 
was found to be statistically significant (p <0.001).

The mean and median CA 19-9 was 190.33 IU/mL and 180 IU/
mL in PBT group, whereas it was 82.33 IU/mL and 80 IU/mL in 
IT group respectively. Statistically significant difference was seen be-
tween 2 groups in terms of  CA 19-9 (IU/mL) (W = 7.500, p = 
<0.001), with the mean and median CA 19-9 (IU/mL) being higher 
in PBT group.

In IT group, 93.3% cases had CA 19-9 was less than 100 IU/mL 
whereas in PBT group, 93.3% cases had CA 19-9 was more than 100 
IU/mL.

CA 19-9 levels ≥ 100 IU/mL was significantly associated with PBT 
group (Odds Ratio 196 (11.12-3453.72), p<0.001).

The mean Tumor size in IT group was 2.01cm and PBT group was 
3.8cm. There was a statistical significant difference between the 2 
groups in terms of  Tumor size (W = 32.500, p = 0.001), with the 
median Tumor size being highest in the PBT group.

60% of  the patients in IT group had Tumor size <2 cm whereas 
93.3% of  the patients in PBT group had Tumor size ≥2 cm. 

Larger tumor size (≥2 cm) was associated with PBT group, which 
was statistically significant (p <0.002).
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There was a significant difference between the various groups in 
terms of  distribution of  PNI (χ2 = 12.857, p = <0.001). 60% PBT 
tumors had shown PNI, whereas none of  the IT tumors was associ-
ated with PNI (Table 3).

73.3% tumors from IT group and 86.7% tumors from PBT group 
showed CK7 positivity. CK7 positivity did not differentiate between 
IT and PBT tumors significantly (Table 4).

All tumors from PBT group showed MUC1 expression (100%) 
whereas only 20% tumors from IT group showed MUC1 expression. 
MUC1 expression was significantly associated with PBT tumors (p = 
<0.001) (Table 5).

On analyzing combination of  markers, 86.7% tumors in PBT group 
showed positivity for CK7/MUC1 expression, whereas this combi-
nation was found negative in 80% of  IT group tumors. This combi-
nation association with the type of  tumor was statistically significant 
(Odds ratio 26 (3.69-183.42); p <0.001) (Table 6).

86.7% tumors from IT group showed CK20 expression, whereas 
only 2 tumors from PBT group (13.3%) showed CK20 expression.  
CK20 positivity was significantly associated with IT type tumor 
(Odds ratio 42.25 (5.15-346.87) p = <0.001) (Table 7). 

93.3% tumors from IT group expressed CDX2 positivity whereas 
none of  the PBT group tumor showed CDX2 expression. CDX2 
was found to be negative in all tumors from PBT group. CDX2 ex-
pression was statistically significant in differentiating IT from PBT 

tumors (Odds ratio 299.67 (11.28-7961.75) p < 0.001). (Table 8)

The combination of  the markers CK20/CDX2 was found to be 
positive for 80% of  IT tumors. All PBT tumors were negative for 
CK20/CDX2 expression. This combination of  CK20/CDX2 ex-
pression was statistically significant in differentiating IT from PBT 
tumors (Odds ratio 110.71 (5.21-2350.49) p <0.001) (Table 9).

Diagnostic accuracy: Based on the performance of  the study param-
eters, CDX2 expression had the highest diagnostic accuracy (96.7%) 
for histological subtype followed by, in decreasing frequency, high 
CA 19-9 (93.3%), MUC1 (90%) and CK20/CDX2 combination 
(90%) and CK20 (86.7%).

Sensitivity: Highest sensitivity for diagnosing histological subtype 
was seen with expression of  MUC1 (100%), CDX2 (100%) and com-
bination CK20/CDX2 (100%) followed by high CA 19-9 >115 IU/
mL (93.3%) and high tumor size >3 cm (93.3%).

Specificity: From the IHC markers used for this study, Highest speci-
ficity for diagnosing histological subtype was seen with expression of  
CDX2 (93.3%) followed by CK20 (86.7%) and combination CK20/
CDX2 (80%).

PPV and NPV: From IHC markers used for this study, Highest PPV 
for diagnosing histological subtype was seen with expression of  
CDX2 (93.8%) followed by CK20 (86.7%). Similarly, highest NPV 
was seen with expression of  MUC1 (100%), CDX2 (100%) and com-
bination CK20/CDX2 (100%).

Figure 1: An Intestinal type adenocarcinoma showing (A) A cribriform architectural pattern and (B) nuclear hyperchromasia and pseudostratification on 
H&E staining. By IHC, tumor cells are (C) Negative for MUC1, (D) Positive for CK20, (E) Positive for CDX2 and (F) Negative for CK7
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Figure 2: A Pancreato-biliary adenocarcinoma showing (A) Simple glands composed of  cuboidal cells with rounded nuclei arranged in a single layer and (B) 
along with small clusters of  cells and individual cells, embedded in a desmoplastic stroma on H&E staining.
By IHC, tumor cells are (C) Positive for MUC1, (D) Negative for CK20, (E) Negative for CDX2 and (F) Positive for CK7

Table 1: Summary of  Clinical and Tumor Details

Clinical And Tumor Details Mean ± SD || Median (IQR) || Min-Max || Frequency (%)
Age (Years) 61.13 ± 10.71  ||  63.00 (54.00-65.75)  ||  43.00 - 84.00
Gender
   Male 22 (73.3%)
   Female 8 (26.7%)
pT Stage
   pT1a 3 (10.0%)
   pT1b 3 (10.0%)
   pT2 11 (36.7%)
   pT3a 6 (20.0%)
   pT3b 5 (16.7%)
   pT4 2 (6.7%)
pN Stage
   pN0 22 (73.3%)
   pN1 6 (20.0%)
   pN2 2 (6.7%)
Tumor Stage
   I A 3 (10.0%)
   I B 8 (26.7%)
   II A 5 (16.7%)
   II B 5 (16.7%)
   III A 5 (16.7%)
   III B 4 (13.3%)
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Clinical And Tumor Details Mean ± SD || Median (IQR) || Min-Max || Frequency (%)
CA 19-9 (IU/mL) 105.00 (80.00-172.50)  ||  55.00 - 300.00
CA 19-9
   <100 IU/mL 15 (50.0%)
   ≥100 IU/mL 15 (50.0%)
Differentiation
   G1 1 (3.3%)
   G2 27 (90.0%)
   G3 2 (6.7%)
Tumor size (cm) 2.91 ± 1.56  ||  2.50 (1.50-3.50)  ||  1.00 - 7.00
Tumor size
   <2 cm 10 (33.3%)
   ≥2 cm 20 (66.7%)
PNI (Present) 9 (30.0%)
LVI (Present) 2 (6.7%)
Histological Subtype
     Intestinal type                                                                                                                              15 (50%)
     Pancreatobilliary  type                                                                                                                                             15 (50%)

Table 2: Association between Histological Subtype and Parameters

Parameters Histological Subtype p value
Intestinal

(n = 15) Pancreatobilliary
(n = 15)
Age (Years) 58.73 ± 10.61 63.53 ± 10.61 0.2261
Gender   0.6822
   Male 12 (80.0%) 10 (66.7%)
   Female 3 (20.0%) 5 (33.3%)
pT Stage***   0.0112
   pT1a 3 (20.0%) 0 (0.0%)
   pT1b 2 (13.3%) 1 (6.7%)
   pT2 8 (53.3%) 3 (20.0%)
   pT3a 2 (13.3%) 4 (26.7%)
   pT3b 0 (0.0%) 5 (33.3%)
   pT4 0 (0.0%) 2 (13.3%)
pN Stage   0.4012
   pN0 11 (73.3%) 11 (73.3%)
   pN1 4 (26.7%) 2 (13.3%)
   pN2 0 (0.0%) 2 (13.3%)
Tumor Stage***   <0.0012
   I A 3 (20.0%) 0 (0.0%)
   I B 7 (46.7%) 1 (6.7%)
   II A 1 (6.7%) 4 (26.7%)
   II B 0 (0.0%) 5 (33.3%)
   III A 4 (26.7%) 1 (6.7%)
   III B 0 (0.0%) 4 (26.7%)
CA 19-9 (IU/mL)*** 82.33 ± 22.27 190.33 ± 69.29 <0.0013
CA 19-9***   <0.0014
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   <100 IU/mL 14 (93.3%) 1 (6.7%)
   ≥100 IU/mL 1 (6.7%) 14 (93.3%)
Differentiation   1.0002
   G1 1 (6.7%) 0 (0.0%)
   G2 13 (86.7%) 14 (93.3%)
   G3 1 (6.7%) 1 (6.7%)
Tumor size (cm)*** 2.01 ± 0.79 3.80 ± 1.65 0.0013
Tumor size***   0.0024
   <2 cm 9 (60.0%) 1 (6.7%)
   ≥2 cm 6 (40.0%) 14 (93.3%)
PNI (Present)*** 0 (0.0%) 9 (60.0%) <0.0012
LVI (Present) 0 (0.0%) 2 (13.3%) 0.4832
CK7 (Positive) 11 (73.3%) 13 (86.7%) 0.6512
MUC1 (Positive)*** 3 (20.0%) 15 (100.0%) <0.0014
CK7/MUC1 (Positive)*** 3 (20.0%) 13 (86.7%) <0.0014
CK20 (Positive)*** 13 (86.7%) 2 (13.3%) <0.0014
CDX2 (Positive)*** 14 (93.3%) 0 (0.0%) <0.0014
CK20/CDX2 (Positive)*** 12 (80.0%) 0 (0.0%) <0.0014
***Significant at p<0.05, 1: t-test, 2: Fisher's Exact Test, 3: Wilcoxon-Mann-Whitney U Test, 4: Chi-Squared Test

Table 3: Association Between Histological Subtype and CK7 (n = 30)

CK7 Histological Subtype Fisher's Exact Test
Intestinal Pancreatobilliary Total χ2 P Value

Positive 11 (73.3%) 13 (86.7%) 24 (80.0%) 0.833 0.651
Negative 4 (26.7%) 2 (13.3%) 6 (20.0%)
Total 15 (100.0%) 15 (100.0%) 30 (100.0%)

Table 4: Association between Histological Subtype and MUC1 (n = 30)

MUC1 Histological Subtype Chi-Squared Test
Intestinal Pancreatobilliary Total χ2 P Value

Positive 3 (20.0%) 15 (100.0%) 18 (60.0%) 20.000 <0.001
Negative 12 (80.0%) 0 (0.0%) 12 (40.0%)
Total 15 (100.0%) 15 (100.0%) 30 (100.0%)

Table 5: Association between Histological Subtype and CK7/MUC1 (n = 30)

CK7/MUC1 Histological Subtype Chi-Squared Test
Intestinal Pancreatobilliary Total χ2 P Value

Positive 3 (20.0%) 13 (86.7%) 16 (53.3%) 13.393 <0.001
Negative 12 (80.0%) 2 (13.3%) 14 (46.7%)
Total 15 (100.0%) 15 (100.0%) 30 (100.0%)

Table 6: Association between Histological Subtype and CK20 (n = 30)

CK20 Histological Subtype Chi-Squared Test
Intestinal Pancreatobilliary Total χ2 P Value

Positive 13 (86.7%) 2 (13.3%) 15 (50.0%) 16.133 <0.001
Negative 2 (13.3%) 13 (86.7%) 15 (50.0%)
Total 15 (100.0%) 15 (100.0%) 30 (100.0%)
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Table 7: Association between Histological Subtype and CDX2 (n = 30)

CDX2 Histological Subtype Chi-Squared Test
Intestinal Pancreatobilliary Total χ2 P Value

Positive 14 (93.3%) 0 (0.0%) 14 (46.7%) 26.250 <0.001
Negative 1 (6.7%) 15 (100.0%) 16 (53.3%)
Total 15 (100.0%) 15 (100.0%) 30 (100.0%)

Table 8: Association between Histological Subtype and CK20/CDX2 (n = 30)

CK20/CDX2 Histological Subtype Chi-Squared Test
Intestinal Pancreatobilliary Total χ2 P Value

Positive 12 (80.0%) 0 (0.0%) 12 (40.0%) 20.000 <0.001
Negative 3 (20.0%) 15 (100.0%) 18 (60.0%)
Total 15 (100.0%) 15 (100.0%) 30 (100.0%)

Table 9: Performance of  Study Parameters for Predicting Histological Subtype: Pancreatobilliary vs Intestinal Type 
Primary Diagnostic Parameters

Variable Sensitivity Specificity PPV NPV Diagnostic Accuracy
CA 19-9 (IU/mL) 
(Cutoff: 115 by ROC)

93.3% (68-100) 93.3% (68-100) 93.3% (68-100) 93.3% (68-100) 93.3% (78-99)

CA 19-9 93.3% (68-100) 93.3% (68-100) 93.3% (68-100) 93.3% (68-100) 93.3% (78-99)
Tumor size (cm) (Cut-
off: 3 by ROC)

73.3% (45-92) 86.7% (60-98) 84.6% (55-98) 76.5% (50-93) 80.0% (61-92)

Tumor size 93.3% (68-100) 60.0% (32-84) 70.0% (46-88) 90.0% (55-100) 76.7% (58-90)
PNI 60.0% (32-84) 100.0% (78-100) 100.0% (66-100) 71.4% (48-89) 80.0% (61-92)
LVI 13.3% (2-40) 100.0% (78-100) 100.0% (16-100) 53.6% (34-72) 56.7% (37-75)
CK7 86.7% (60-98) 26.7% (8-55) 54.2% (33-74) 66.7% (22-96) 56.7% (37-75)
MUC1 100.0% (78-100) 80.0% (52-96) 83.3% (59-96) 100.0% (74-100) 90.0% (73-98)
CK7/MUC1 86.7% (60-98) 80.0% (52-96) 81.2% (54-96) 85.7% (57-98) 83.3% (65-94)
CK20 86.7% (60-98) 86.7% (60-98) 86.7% (60-98) 86.7% (60-98) 86.7% (69-96)
CDX2 100.0% (78-100) 93.3% (68-100) 93.8% (70-100) 100.0% (77-100) 96.7% (83-100)
CK20/CDX2 100.0% (78-100) 80.0% (52-96) 83.3% (59-96) 100.0% (74-100) 90.0% (73-98)

5. Discussion

Patients with periampullary adenocarcinoma demonstrate a wide 
range of  outcomes, with ampullary and duodenal tumors as well as 
tumors with intestinal morphology displaying a much better survival 
than pancreatic head and distal bile duct tumors or tumors with pan-
creatobiliary differentiation [15, 16, 17].

However, exact origin of  malignancy is not always possible to deter-
mine because majority of  periampullary tumors would have grown to 
such large size to involve multiple potential sites of  origin (pancreas, 
bile duct, ampulla, and duodenum). Furthermore, recent data suggest 
that histological subtype is a superior prognostic factor in periamp-
ullary adenocarcinoma, outperforming other parameters such as tu-
mor location as even some poorly differentiated cancers preserve the 
histomolecular profile of  their mucosa of  origin [2, 9, 10].

Bronsten et al., [18] and Westgaard et al., [19] reported in their re-
spective studies that the PBT of  differentiation was independently 
associated with a poor prognosis, while tumor origin did not sig-

nificantly predict survival when adjusting for other histopathologic 
prognostic factors such as tumor margins and lymph node status. 
Hence differentiation into IT or PBT have become of  paramount 
importance in view of  its prognostic significance. Herein, we at-
tempted to study whether this subtyping can be achieved with high 
sensitivity and specificity with IHC markers alone or in combination.

Recently multiple studies have attempted and proved the significant 
role of  certain IHC markers in subtyping of  periampullary malig-
nancies into IT and PBT as well as their prognostic significance and 
patients’ survival. Few important studies are mentioned here.

In the present study, CDX2 was the only marker that showed highest 
sensitivity (100%) and high specificity (93.3%) for predicting intes-
tinal subtype (considering 10% staining of  tumor cells as positive). 
Chu et al [1] found CDX2 expression sensitivity 100% and specificity 
83.3% for IT differentiation. Westgaard et al [19] found CDX2 to be 
positive in 54% IT tumours and 15% PBT, with a sensitivity of  54% 
and specificity of  85% for IT. In a study by Hansel et al [14] in 2004, 
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less than 5% of  pancreatic and biliary adenocarcinomas expressed 
CDX1/2.  Sessa et al [20] found 100% sensitivity and 70% specificity 
of  CDX2 for IT differentiation, considering 10% cut-off  for positive 
staining. In a study by N Bakshi et al [21] in 2019, CDX2 showed 
high sensitivity (93.2%) and specificity (94.9%) for IT tumours with 
statistical significant correlation (p<0.05). De Paiva Haddad et al [22] 
showed 86% sensitivity and 78% specificity of  CDX2 expression for 
IT differentiation. 

In our study, CK7 was expressed in majority of  PBT tumors with 
high sensitivity (86.7%) but it has low specificity (26.7%), low PPV 
and low NPV as it has been found to be a rather common finding 
in IT tumors as well [15]. Morini et al [23] have also shown in a very 
recent multicentric retrospective Italian study that more than 50% of  
IT adenocarcinomas were positive for CK7. Other studies have also 
noted that though CK7 is associated with pancreatobiliary origin in 
other locations, periampullary and ampullary intestinal adenocarci-
noma also expresses CK7, often in a strong and diffuse manner [15]. 
We believe therefore that CK7 has limited utility in subtyping peri-
ampullary tumors as it is a nonspecific marker. Chu et al [1] found 
CK7 expression sensitivity 83.3% and specificity 81.8% for PBT. In 
a study by P Bronsert et al [18] in 2013, PBT marker CK7 showed 
the inverse pattern with high median expression level in PDAC / 
DBDAC (90%/ 95%), decreased with AMPAC (85%) and 0% in 
DUOAC. These correlations were highly significant (p < 0.001). In a 
study by DC Ang et al [15] in 2014 CK7 showed positivity in 70% IT 
tumors and in 91% PBT tumors. The correlation was statistically sig-
nificant (P< 0.0001). In a study by CF Moro et al [16] in 2016, CK7 
was expressed in approximately 70% of  tumors of  the intestinal type. 
In a study by N Bakshi et al [21] in 2019, CK7 was positive in 91% of  
PBT tumors and 61% of  IT tumors. This finding showed that CK7 
immuno-reactivity was not specific for either subtype.

Another marker CK20 showed moderate sensitivity of  86.7% and a 
specificity of  86.7% for IT tumor. CK20 and CDX2 positivity were 
found to be predictive of  IT differentiation. In a study by P Bronsert 
et al [18] in 2013, CK20 expression was highest 70% in DUOAC, 
10% for AMPAC and negative (0%) for DBDAC and PDAC. In a 
study by bakshi et al [21] in 2019, CK20 showed sensitivity of  82.2% 
and specificity of  89.9% for IT tumours. N Kumari et al [24] in 2013, 
CK 20 had a moderate sensitivity of  50% and a specificity of  86.8% 
for predicting IT.

In our study, MUC1 positivity was associated with PBT with high-
est sensitivity of  100% and high specificity of  80%. In a study by 
Sessa et al [20] in 2007, A significantly higher frequency of  MUC1 
and MUC5AC expression was detected in PBT tumours (p<0.0001), 
whereas a significantly higher percentage of  positive cases for MUC2 
was found among IT ACs (p<0.023). In a study by N Bakshi et al 
[21] in 2019, MUC1 expression was positive in all the 79 PBT (100%) 
cases, 20% intestinal and 4% indeterminate cases, and the specificity 
of  this marker was therefore 62%. In a study by Moriya T et al [25], 
they evaluated MUC1 and MUC2 markers and showed that the pos-

itivity of  MUC1 in the PBT was 93% and the positivity of  MUC2 in 
the IT was 67%.

Westgaard et al [19] found that CK7 positivity (P = 0.009), CDX2 
negativity (P = 0.002), and MUC4 positivity (P = 0.026) were inde-
pendent markers in their study to predict PBT.

N Kumari et al [24] in 2013 showed that MUC1 and CK7 were the 
markers with the least sensitivity and specificity (100% and 0%; 
90.5% and 21% respectively).

In a study by I Perysinakis et al [26] in 2017, On IHC staining, CK20 
(P < .0005), MUC2 (P = 0.054), and CDX2 (P < 0.0005) expression 
were more prevalent in IT tumours, while MUC1 (P < 0.0005) was 
more frequently expressed in PBT tumours.

A study by de Paiva Haddad et al [22] used CK7, CK17, CK20, 
MUC1, MUC2, MUC5AC, MUC6, CDX2 and CD10 for subtyp-
ing periampullary carcinoma. The markers that showed significantly 
higher frequency of  positivity for IT were MUC2, CK20, CD10, and 
CDX2, and for PBT were CK7 and MUC1.

The cut-off  for positive staining for different markers has been vari-
able in different studies ranging from any cell positive to as high as 
25% to 30%. Therefore, the sensitivity for CDX2 in the literature 
ranges from 54% to 100% and for MUC1 ranges from 49% to 100% 
[1, 10, 27, 28, 29]. The specificity for CDX2 as reported in the liter-
ature is 70% to 85% and for MUC1 ranges from 46.5% to 81.8% in 
different studies [1, 10, 19, 20, 22].

Little is known, however, about the combined expression of  IHC 
markers in ACs. The chance of  finding an original site of  the malig-
nancy is increased when combined expression of  IHC markers has 
been utilized as compared with single marker.

In our study, combination of  CK7/MUC1 showed 86.7% sensitivity 
and 80% specificity with 83.3% diagnostic accuracy to identify PBT 
tumor, whereas combination of  CK20/CDX2 showed 100% sensi-
tivity and 80% specificity with 90% diagnostic accuracy to identify 
IT tumor.

In a study by Bakshi N et al [21], authors showed that specificity 
for diagnosing the IT, was further improved to 100% when using a 
panel of  markers (i.e., CDX2 and CK20) as compared with individual 
markers (i.e., CDX2 or CK20) alone.

In a study by Kawabata et al [10], significant differences were noted 
in the expression levels of  CK 20 and MUC1 in histological IT and 
histological PBT, with the sensitivity being 100% for CK20 and 94% 
for MUC1 expression, respectively. These results indicate that the 
combination CK20 +/MUC1- pattern fully corresponds to the im-
munohistochemical IT (100%) and that the CK20-/MUC1+ pattern 
fully corresponds to the immunohistochemical PBT (94%).

In a study by DC Ang et al [15] in 2014, they showed that combina-
tion staining patterns like “IHC positive for CK20/CDX2/MUC2 
and negative for MUC1” or “IHC positive for CK20, CDX2, and 
MUC2, irrespective of  MUC1 expression” would equate an IT phe-
notype (i.e., IHC-IT); and “IHC positive for MUC1 and negative for 
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CDX2 and MUC2” would equate a PBT phenotype (i.e., IHC-PBT). 
They showed that such combination can predict histologic subtype 
with 90% sensitivity and 94% specificity. The utility of  our IHC 
panel becomes most significant in the less common subtypes and 
in tumors that are difficult to classify on H&E. The prognostically 
more favourable IT can be distinguished confidently from the more 
aggressive PBT using combination IHC panel.

5.1. Correlation with Prognosis and Survival

The IHC markers have also shown correlation with prognosis. 

Kitamura et al [30] found that ampullary carcinoma with stronger 
MUC1 stains and weaker MUC2 staining had worse prognosis. 

In a study by A westgaard et al [19] in 2008, PBT ACs significantly 
more often showed presence of  histopathologic features associat-
ed with a poor prognosis like perineural infiltration, areas with poor 
differentiation, advanced pT stage, and pancreatic tumor origin (p 
< 0.001). The histologic type of  differentiation was found to be an 
independent predictor of  survival (p = 0.03). They also showed an 
increased median survival in IT than PBT (60 months versus 17 
months) irrespective of  anatomical location.

In a study by P Bronsert et al [18] in 2013, high tumor grade, high T 
and N Stage, lymph node ratio (LNR), PNI and LVI were significant-
ly less frequent with IT adenocarcinoma. In univariate analysis, only 
histological subtype (p = 0.006) and LNR (p = 0.019) were found 
to be independent predictors of  survival. Their study confirms that 
histopathological differentiation, in contrast to tumor location, is an 
independent prognostic factor.

Hansel et al [14] demonstrated expression of  CDX2 as an indepen-
dent marker of  better outcome in periampullary carcinoma. In a 
study by Sessa et al [20] in 2007, A longer survival was correlated 
with the expression of  CDX2 as well as with an intestinal type of  
AC (p=0.08).

In a study by Kumari N et al [24], CDX2 positive tumors showed a 
statistically significant low tumor stage, more T1/T2 stage tumors, 
and less PNI and LVI. In CDX2-positive tumors, pathological T 
stage, tumor stage, PNI, LVI and median survival were statistically 
significant. CDX2 was the only marker associated with patients' sur-
vival and showed a median survival of  44 months in CDX2-positive 
tumors compared with 22 months in CDX2-negative tumors (P = 
0.03). In a study by CF Moro et al [16] in 2016, IT phenotype was 
associated with better overall survival compared with PBT pheno-
type (Median OS 54 months v/s 24 months) with p value < 0.001. 
The IT phenotype, pT4 and pN0 were independent predictors of  
favourable OS.

A study by Iraklis Perysinakis et al [17] in 2016, Expression of  CK20 
(p = 0.065) and CDX2 (p = 0.008) predicted a more favourable 
prognosis. Only MUC1 and CK20 identified PBT and IT tumours, 
respectively, with sufficient sensitivity and specificity. The overall sur-
vival was adversely influenced by LNI, elevated serum Ca19-9 lev-
els, jaundice, poor differentiation, advanced T (T4) stage, advanced 

N stage, advanced overall TNM (III) stage and histological subtype 
(p=0.005). There was a clear trend toward prolonged survival in pa-
tients with IT tumours as compared to those with PBT tumours (me-
dian = 168 v/s 27 months).

In a study by Werling et al [31], they showed that CDX2-positive 
cancers had a median survival of  45 months versus 20 months for 
CDX2- negative cancers. The 5-year survival rate in their study was 
76% in CDX2-positive cancers and 26% in CDX2-negative cancers.

6. Conclusion

We studied the expression of  CK7, CK20, MUC1 and CDX2 in ACs. 
On the basis of  the histological classification of  ACs, we found that 
CDX2 and MUC1 have a highest sensitivity (100%) and highest NPV 
(100%) for IT and PBT differentiation respectively. These immuno-
histochemical subtypes correlated well with the conventional histo-
morphological classification. A panel of  IHC markers like CK20 and 
CDX2 together allows better identification of  differentiation than 
the use of  single markers alone. Using an IHC scheme will further 
objectify subtyping of  these tumors and yield consistent, accurate re-
sults leading to better prediction of  prognosis and improved patient 
outcome.
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