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Abstract

Distal common bile duct carcinoma (DCBDC) is a poorly characterized entity, for reasons such as 

variable terminology and difficulty in determining site of origin of intrapancreatic lesions. We 

compared clinicopathologic features of pancreatobiliary-type adenocarcinomas within the 

pancreas but arising from the distal common bile duct (CBD) (defined as tumors centered around 

and circumferentially involving the intrapancreatic CBD) with those of pancreatic and ampullary 

origin. Upon careful review of 1017 pancreatoduodenectomy specimens with primary 

adenocarcinoma, 52 (5.1%) qualified as intrapancreatic DCBDC. Five associated with an 

intraductal papillary neoplasm were excluded; the remaining 47 were compared to 109 pancreatic 

ductal adenocarcinomas (PDAC) and 133 pancreatobiliary-type ampullary adenocarcinomas (AC). 

DCBDC patients had a younger median age (58 years) than PDAC patients (65 years) and AC 
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patients (68 years). DCBDC was intermediate between PDAC and AC with regard to tumor size 

and rates of lymph node metastases and margin positivity. Median survival was better than for 

PDAC (P=0.0010) but worse than for AC (P=0.0006). Microscopically, DCBDC often formed an 

even band around the CBD and commonly showed intraglandular neutrophil-rich debris and a 

small tubular pattern. Poor prognostic indicators included lymph node metastasis (P=0.0010), 

lymphovascular invasion (P=0.0299), and margin positivity (P=0.0069). Categorizing the tumors 

based on size also had prognostic relevance (P=0.0096), unlike categorization based on anatomic 

structures invaded (P=0.1575). Primary DCBDC is seen in younger patients than PDAC or AC and 

has a prognosis significantly better than PDAC and worse than AC, at least partly due to 

differences in clinical presentation. Use of size-based criteria for staging appears to improve its 

prognostic relevance. When identified through careful dissection of pancreatoduodenectomy 

specimens, invasive pancreatobiliary-type DCBDC are uncommon in the West (5% of primary 

carcinomas in pancreatodudoenectomies) and have substantial clinicopathologic differences from 

their counterparts arising from the pancreas and ampulla.
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Cholangiocarcinoma, which accounts for approximately 3% of all gastrointestinal cancers, 

has an incidence of approximately 5,000 new cases per year in the United States,1 though 

incidence per capita is several times higher in many Eastern countries.2,3 While the World 

Health Organization uses the term “cholangiocarcinoma” only to refer to intrahepatic 

malignancies of biliary epithelial origin,4 other authors have used the term to encompass 

extrahepatic bile duct adenocarcinomas as well.5 These extrahepatic tumors have 

traditionally been divided into upper, middle, and lower categories,5 though considering that 

middle bile duct tumors are rare and are often treated the same as either upper or lower 

tumors, some authors have advocated eliminating the category and designating 

cholangiocarcinomas as either intrahepatic, perihilar, or distal.6,7 Regarding extrahepatic 

lesions, perihilar/upper are the most common, followed by distal, with the nebulous middle 

lesions the least common.6,8,9 While proximal and perihilar cholangiocarcinomas may be 

amenable to hepatic resection, surgically treatable distal tumors require 

pancreatoduodenectomy.

Although carcinomas of extrahepatic bile ducts are well analyzed in the East, their frequency 

and clinicopathologic associations in Western countries have been less thoroughly analyzed, 

particularly in the pathology literature. For example, the reported frequency of bile duct 

origin among what are called “periampullary carcinomas” (mostly referring to carcinomas 

removable by pancreatoduodenectomy) ranges from 5–17%,10–12 and this variation is most 

likely due to definitional differences. Moreover, distinguishing intrapancreatic distal 

common bile duct carcinoma (DCBDC) from pancreatic ductal adenocarcinoma (PDAC) 

and ampullary adenocarcinoma (AC) is often a challenge both clinically and pathologically, 

as there is significant anatomic and histologic overlap. Furthermore, DCBDC can be subtle 

on gross examination and can secondarily involve the main pancreatic duct and/or the 
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ampulla.13 Additionally, secondary involvement of the common bile duct (CBD) is very 

common in PDAC; in our experience, 97.2% of PDACs show invasion into the 

intrapancreatic CBD.14 As a result, there has unsurprisingly been variation in the 

clinicopathologic characteristics of these entities reported in different studies, and many 

cases of these three carcinomas may have been incorrectly classified.

To address these issues, we performed a detailed pathologic review of 1017 

pancreatoduodenectomy specimens with invasive adenocarcinoma by using more refined 

criteria in the classification of these tumors,15 along with a comparative clinicopathologic 

analysis distinguishing intrapancreatic DCBDC cases from PDAC and AC.

Materials and Methods

With appropriate Institutional Review Board approval, we performed a review of 1017 

pancreatoduodenectomy specimens with the primary diagnosis of invasive adenocarcinoma, 

all resected in the United States; these specimens had been previously compiled into a 

computerized archive. Clinical history, gross photographs, available slides, and original 

signout report were all used to classify the tumors, with the original diagnoses overturned in 

some instances. During this process, DCBDC was defined as a carcinoma either grossly or 

microscopically centered unequivocally around the intrapancreatic CBD (Figure 1). Cases 

where the site of origin was not entirely clear, but was most likely the CBD (e.g., more than 

75% of the tumor oriented around the bile duct) were also classified as DCBDC. Dubious 

cases (e.g., tumor halfway involving the pancreatic duct and halfway involving the DCBDC, 

or tumors causing biliary-type symptoms clinically but primarily sparing the CBD grossly) 

were excluded. The exact number of diagnoses changed during this process was not 

recorded.

Fifty-two cases (5.1%) met inclusion criteria. Five cases associated with an intraductal 

papillary neoplasm of the bile duct (IPNB; the biliary counterpart of pancreatic intraductal 

papillary mucinous neoplasm [IPMN])4,16–18 were excluded to eliminate potentially 

confounding factors; all five were conventional adenocarcinomas and were from four men 

and one woman. The remaining 47 cases came from Emory University, Atlanta, GA (33 

cases); Wayne State University, Detroit, MI (13 cases); and Piedmont Hospital, Atlanta, GA 

(1 case). Slides from these cases were reviewed by three of the authors (RSG, PB, NVA). 

The morphology of each tumor was scrutinized, with an emphasis on various patterns of 

growth and differentiation, as well as factors that might distinguish them from PDAC or AC. 

Biliary intraepithelial neoplasia (BilIN) was noted when present, and anomalous anatomy of 

the biliary tree was documented if identified. Margin and node status, presence or absence of 

lymphovascular and perineural invasion, and tumor stage were all reappraised.

Appropriate data for comparative analysis, including patient survival, was available for a 

separate cohort of 109 PDAC in our database. All cases, which were removed by 

pancreatoduodenectomy in the United States, were conventional pancreatobiliary-type 

adenocarcinomas arising within the pancreas. To eliminate confounding factors, colloid-type 

and IPMN-associated cases were excluded from the analysis, as these have been shown to be 

different biologically from ordinary pancreatobiliary-type adenocarcinomas.19,20 
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Malignancies other than adenocarcinoma were also excluded. Appropriate data for 

comparative analysis was also available for a separate cohort of 133 AC with 

pancreatobiliary-type morphology in our database. Only cases with predominantly 

pancreatobiliary-type histology were included in this group, in order to have a more fair and 

uniform comparison with PDAC and DCBDC.

The following clinicopathologic parameters were compared among the DCBDC, PDAC, and 

AC groups: patient age and sex, tumor size, presence of positive surgical margins and lymph 

node metastases, and clinical outcome. Data on distant metastases was missing from a 

majority of PDAC cases, precluding the use of this variable. Cases were not controlled for 

post-operative therapy, but there were no particular bias toward a specific treatment protocol 

based on the classification. Differences among the groups were assessed by ANOVA (patient 

age and tumor size), chi-square (patient sex, margin status, and metastases), and log-rank 

(survival) tests. Multivariable regression was conducted using Cox proportional hazard 

models to compare the predicted survival among the three tumor groups, independent of 

other factors. The proportional hazard assumption was tested for all variables using log-log 

survival curves. The final model was created using backward elimination to retain only the 

variables that were statistically significant predictors of survival.

Within the DCBDC group, independent factors potentially associated with survival, 

including tumor size, margin and node status, perineural and lymphovascular invasion, and 

American Joint Committee on Cancer (AJCC) T-classification and stage,21 were analyzed 

using Wald tests from unadjusted Cox models. To compare the predictive utility of certain 

factors, the Schwarz Bayesian Criteria (SBC) and C-index were calculated as measures of 

goodness of fit and discriminatory power. Lymph node harvesting results using two different 

methods were compared using an unpaired t test. All tests were two-sided, and statistical 

significance was defined as P-value <0.05. Statistical analyses were performed using SAS v 

9.3 (SAS Institute, Cary, NC).

Results

Table 1 shows clinicopathologic comparisons among the DCBDC, PDAC, and AC groups.

Clinical Findings in DCBDC

The 47 DCBDC patients included 26 men and 21 women, with a median age at resection of 

58 years (range 39–80). This was younger than the PDAC patients (median age 65; 

P=0.0576) and significantly younger than the AC patients (median age 68; P=0.0018).

Clinical history was available for review on 70.2% of the patients (33/47). The most 

common clinical symptom was jaundice, with 27/33 patients initially presenting with it 

(81.8%) and three more developing it during their clinical course. Other symptoms 

indicating biliary obstruction, such as scleral icterus, pruritis, dark urine, and light stools, 

were reported by 14 patients (42.4%), including two of the patients who did not develop 

jaundice. Other common symptoms included abdominal pain (14/33, 42.4%), weight loss 

(13/33, 39.4%), diarrhea (5/33, 15.2%), nausea (5/33, 15.2%), and vomiting (4/33, 12.1%). 

Imaging was available for 68.1% of the patients (32/47) and depicted a stricture of the distal 
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biliary system in half (16/32, 50%). The other patients were interpreted as having a biliary 

mass (10/32, 31%) or a pancreatic mass (6/32, 19%); the 6 with a “pancreatic mass” only 

underwent computed tomography (CT). The combined clinical and imaging findings led to 

the correct diagnosis preoperatively in all 33 patients. None of the cases was known to have 

any association with biliary parasites or demonstrable pancreatobiliary duct malunion, and 

only one had a documented choledochal cyst.

Pathologic Findings in DCBDC

The DCBDC had a median size of 2.5 cm (range: 1.0–5.8 cm), a lymph node metastasis rate 

of 60.9%, and a positive margin rate of 22.7%. The retroperitoneal margin was the most 

frequently involved (6/44, 13.6%), with the CBD (3/44, 6.8%) and vascular bed (1/44, 2.3%) 

margins sometimes involved. As with prognosis (see below), all three of these figures placed 

DCBDC directly in between PDAC and AC; these relationships were statistically significant 

for median size and margin positivity rate, but not quite for lymph node metastasis rate (see 

Table 1). Lymphovascular invasion was observed in 40.4% of cases.

The median number of lymph nodes examined per case was 16. A specific form of lymph 

node harvesting (the “orange peeling” approach)22 had been employed in 61.7% of the 

cases, and the median number of nodes identified by this method was 19, vs. 6 in cases not 

“orange-peeled” (performed before this approach had been instituted) (P<0.0001). The 

median number of involved nodes in node-positive cases was 3. Thirteen patients (27.7%) 

had documented distant metastases, with the liver the most commonly involved site.

Four cases showed cystic duct–CBD union within the pancreas (“low union”), with the 

tumor immediately distal to this abnormal junction (Figures 2a and 2b); this anomaly was 

observed in one man and three women.

Most DCBDC (41/47; 87.2%) were pT3 by the current AJCC criteria (7th edition) at 

resection, with 3/47 (6.4%) being pT1 and 3/47 being pT2. No T-classification or other 

staging comparison was performed between DCBDC and the PDAC or AC cases, as the 

staging parameters used for these three sites are vastly different, are mostly arbitrary, present 

significant challenges in their application, and are undergoing revision.14,23–30

Given the retrospective nature of the study and the fact that the 47 DCBDC came from 

multiple different institutions, gross approach to the pancreatoduodenectomy specimens was 

not uniform. Still, valuable information could be gleaned from most of the gross 

descriptions: DCBDC were often subtle, scirrhous, constrictive lesions forming 

circumferential plaque-like thickening of the CBD wall in a lunar or semilunar pattern 

(Figure 3a). In some cases, however, evidence of malignancy was limited to friability and 

erythema of the duct mucosa. Gross examination failed to detect subtle carcinoma in a few 

cases.

Microscopically, DCBDC often formed an even band around the CBD (Figure 3b), which 

could be particularly striking in the pancreas-neighboring aspects of the duct. Careful 

analysis in these situations revealed more infiltrative foci, especially in the posterior aspect 

of the CBD, where soft tissue is immediately adjacent. In two cases, the carcinoma tracked 
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along the CBD microscopically, traveling just underneath the epithelium but occasionally 

penetrating into the main duct lumen (Figure 3c). The tumor often secondarily involved 

pancreatic ducts and mimicked pancreatic intraepithelial neoplasia (PanIN)-3, underscoring 

the need for careful gross examination in establishing the precise site of tumor origin.

The infiltrative glands in DCBDC closely resembled those of PDAC, namely one or two 

layers of cuboidal cells forming small lumens (Figure 3d). In cases of well-differentiated 

carcinoma, infiltration was at times subtle and hard to distinguish from surrounding normal 

duct structures. Perineural invasion was a common finding (91.5%), as it is in PDAC.

Compared to typical PDAC morphology, DCBDC more commonly showed intraglandular 

neutrophil-rich debris and a smaller tubular pattern. Other histologic patterns focally 

observed in otherwise pancreatobiliary-type DCBDC included a tubulolobular pattern akin 

to that of invasive lobular carcinoma of the breast (2/47 cases, 4.3%; Figure 4a); a 

microglandular pattern reminiscent of mesonephric remnants (7/47, 14.9%; Figure 4b); a 

vacuolated cell pattern, as documented recently in PDAC31 (2/47, 4.3%; Figure 4c); a clear 

cell or foamy gland appearance (2/47, 4.3%; Figure 4d); an intestinal-like pattern that 

demonstrated goblet cells (3/47, 6.4%; Figure 4e); medullary morphology (1/47, 2.1%; 

Figure 4f); and prominent papilla formation within the invasive glands (1/47, 2.1%).

The CBD mucosa showed what could be interpreted as high-grade biliary intraepithelial 

neoplasia (BilIN-3)32 in 28 cases (59.6%), though it was impossible to determine whether 

these lesions represented true BilIN or duct cancerization. This finding was often present 

only focally, though large portions of the CBD epithelium were denuded in virtually every 

specimen (presumably secondary to stenting and/or manipulation of the gross specimen), 

potentially removing evidence of an intraepithelial component in some cases. While BilIN 

was mostly of the simple, flat type, 5 cases (10.6%) demonstrated a micropapillary pattern 

(Figure 5a), and in one case, it took on an intestinal appearance, mimicking low- and high-

grade dysplasia in a colonic tubular adenoma (Figure 5b). One case demonstrated multifocal 

BilIN along the entire intrapancreatic CBD.

Incidental findings noted during analysis of the DCBDC cases included several foci of 

PanIN. Most foci were PanIN-1 and -2, which are known to be common incidental findings 

in pancreata,33 though two patients had small foci of severely atypical cells well away from 

the primary tumor, raising the differential of PanIN-3 versus spread of the carcinoma to the 

pancreatic ducts. Other incidental observations, each seen o, included pancreas divisum, 

squamoid cyst of the pancreatic duct, duodenal lymphangioma, duodenal well-differentiated 

neuroendocrine tumor, and traumatic neuroma adjacent to and involved by the DCBDC.

Outcome

Factors associated with worse clinical outcome in DCDBC included tumor size (P=0.0402), 

lymph node metastases (P=0.0010), lymphovascular invasion (P=0.0299), and margin 

positivity (P=0.0069). Perineural invasion did not affect patient survival (P=0.2204) but was 

only absent in four cases.
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Grouping the DCBDC according to AJCC T-classification was not significantly related to 

survival (P=0.1575). However, stratifying the DCBDC into three groups based on maximum 

tumor dimension (size < 2 cm, size 2–4 cm, and size > 4 cm) was strongly associated with 

survival, as patients with larger tumors fared worse (P=0.0096). This result held when 

comparing the two groups using the SBC, which is a type of information criteria used in 

model selection as a measure of goodness of fit; the SBC was 186.23 for AJCC T-

classification and 183.73 for size stratification, with a lower SBC indicating a better fit of 

the model. However, when using the C-index, which is a measure of model discrimination 

created as an extension of the receiver operating characteristic that can be applied to survival 

data, AJCC T-classification was a better fit than size stratification (0.8389 and 0.8149, 

respectively, with a higher C-index indicating better predictive ability). Therefore, two of 

three comparisons favored size stratification over AJCC T-classification.

In a similar vein, a “modified AJCC” system, where the three aforementioned size cutoffs 

were used in place of the AJCC definitions for pT1/pT2/pT3, better predicted patient 

outcome than non-modified AJCC staging. The modified system had a P-value of 0.0030, an 

SBC of 188.06, and a C-index of 0.7145, all of which were more favorable than the non-

modified AJCC system (P-value of 0.0086, SBC of 191.04, C-index of 0.7023).

Follow-up data was available for 45 DCBDC patients (median: 18 months; range: 0–157 

months). Seven were alive at last follow-up (median: 36 months). One was still alive 114 

months after surgery, and two of the deceased survived for 157 and 104 months; such 

survival lengths are almost unheard of in PDAC.34

The 1-year, 3-year, 5-year, median survival, and log-rank test all showed increased survival 

for DCBDC patients compared with PDAC patients (P=0.0010) and worse survival 

compared with AC patients (P=0.0006) (Figure 6). In the multivariable analysis including all 

three groups, factors significantly impacting survival included older age (P=0.0107), margin 

involvement (P=0.0008), and nodal disease (P<0.0001). These characteristics were retained 

in the final model. Using this adjusted model and patients with AC tumors as the reference 

group, the hazard ratio for patients with DCBDC was 2.3 (P=0.0005), and the hazard ratio 

for patients with PDAC was slightly lower, at 2.1 (P=0.0041).

Discussion

There have been several impediments in the literature in characterizing the clinicopathologic 

features of DCBDC. Classification and terminology of cholangiocarcinomas have varied 

over time; currently, most accepted schemes use “distal” CBD carcinoma synonymously 

with “intrapancreatic cholangiocarcinoma,” though tumors arising outside the pancreas but 

within the distal extrapancreatic CBD are considered DCBDC as well and usually are 

surgically approached with pancreatoduodenectomy.6 Overall, DCBDC appears to be the 

most straightforward and encompassing term for these tumors. The argument over whether 

these extrahepatic tumors are “cholangiocarcinomas” or “adenocarcinomas” is beyond the 

scope of this project, hence the use of “distal CBD carcinoma” for our cohort of cases 

removed by pancreatoduodenectomy.
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While cholangiocarcinoma overall is not an especially rare diagnosis in Western countries, it 

appears far more prevalent in Eastern countries, mostly attributable to association with 

parasites.2,3 Accordingly, many studies dealing with the clinicopathologic aspects of 

DCBDC have been from Japan,8,35–40 Korea,41 and China.9 Recently, certain groups in the 

United States have described and analyzed series of this entity as well.7,10,42,43 However, 

many of these studies lumped DCBDC in with proximal cases and/or did not include 

pathologic review, meaning they may well have included cases of PDAC and AC 

masquerading as DCBDC. Our rigorous efforts to exclude intrapancreatic cancers of non-

biliary origin may explain why only 5.1% of the adenocarcinomas in our 

pancreatoduodenectomies were DCBDC, whereas other studies have found rates of 12%10 

to 17%.11

Known clinical risk factors for “cholangiocarcinoma” include parasites, primary sclerosing 

cholangitis, choledochal cysts, Thorotrast exposure, viral hepatitis, and possibly 

choledocholithiasis.3,40,44 Our study observed a previously unrecognized factor that may 

also be important in the pathogenesis of DCDBC: union of the cystic duct and common 

hepatic duct within the pancreas. In these cases, the cystic duct, rather than joining with the 

common hepatic duct just distal to the hepatic hilum, traveled separately toward the 

pancreas, entered it, and joined the common hepatic duct there, creating a short, entirely 

intrapancreatic CBD. While several anomalous configurations of the biliary tree have been 

described,5 this appears to be a relatively unexplored phenomenon that we have referred to 

as “low union” of the extrahepatic biliary system.45 As biliary carcinoma can arise in 

anatomic abnormalities such as pancreatobiliary maljunction46 and bile duct duplication,47 

we suspect that low union can contribute to the development of intrapancreatic 

malignancy.45 The incidence of low union in the general population is unknown. As more 

careful grossing protocols are adopted,48 its true incidence and potential role in 

tumorigenesis may become better appreciated.

Clinically, as demonstrated in this study, many DCBDC patients present with symptoms 

related to biliary obstruction; as a result, they tend to present earlier than patients who have 

an intrahepatic biliary lesion.44 However, intrapancreatic DCBDC may present with more 

stereotypically pancreatic symptoms, such as pain, abdominal fullness, early satiety, and 

weight loss.4,44,49

Radiologic techniques, such as CT, magnetic resonance imaging, and endoscopic retrograde 

cholangiopancreatography, can help determine the site of origin of an intrapancreatic 

lesion.5,50 However, pancreatic head lesions cannot always be localized correctly 

preoperatively.5 In our study, proper synthesis of clinical and imaging data allowed for a 

diagnosis of DCBDC to be made prior to surgery in each case.

For cases where the preoperative diagnosis is unclear or in question, careful gross 

examination of the pancreatoduodenectomy specimen is essential, and should be 

standardized as much as possible.48 The epicenter of the gross lesion should be considered, 

as well as what structures are involved and in what fashion. Some DCBDC are obviously 

distinct from PDAC, as they involve the CBD in a circumferential fashion, forming a 

constrictive lesion that spreads along the duct lengthwise. Less overt cases can be 
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challenging, especially considering that PDAC secondarily invades the CBD in the vast 

majority of cases.14 However, it would be unusual in our experience for PDAC to involve the 

CBD circumferentially rather than in a haphazard, disorganized fashion. Accordingly, a 

recent study reported that intrapancreatic tumors symmetrically/concentrically involving the 

CBD are likely to be DCBDC, whereas asymmetric/eccentric involvement generally implies 

a PDAC.42 Large tumors that destroy all the surrounding anatomic structures are also most 

likely to be PDAC, as it is the more common tumor and the more likely to be large in size at 

time of resection, primarily because it does not cause jaundice as readily as DCBDC. 

Nebulous tumors that could have possibly arisen from one of several structures based on 

their anatomic location (for example, those with the epicenter right at the junction of the 

CBD and ampulla) require methodical microscopic analysis of the ductal system for 

intraepithelial neoplasia, as well as careful correlation with clinical and radiologic findings. 

Furthermore, PDAC and DCBDC are similar histologically; while our study found that 

intraluminal neutrophils were often seen in DCBDC, they can occasionally be seen in PDAC 

as well.51,52

In some instances, unfortunately, it may well be impossible to classify an intrapancreatic 

tumor correctly, calling the prognosis of the patient and the stage of the tumor into question. 

We found that DCBDC has significantly longer survival than PDAC and significantly shorter 

survival than AC. Other studies have reached similar conclusions regarding the relative 

prognosis of these three tumors, and many found that tumor type is an independent 

prognostic indicator on multivariable analysis.10–12,39 It should be noted that, unlike other 

studies, we have included only carcinomas of pancreatobiliary-type morphology in our 

cohorts, and we have also excluded adenocarcinomas arising from IPMN or IPNB. 

Comparison of these purified categories disclosed a potentially important facet of these 

carcinomas: On multivariable analysis, we found that PDAC has a hazard ratio of 2.1 

compared to AC, while DCBDC has a hazard ratio of 2.3. This suggests that DCBDC is 

intrinsically as aggressive as PDAC, if not more so. This is not necessarily surprising, as 

DCBDC and PDAC are both conventional pancreatobiliary-type adenocarcinomas and are 

very similar to each other. DCBDC likely has an overall better prognosis because it 

manifests relatively early (due to CBD obstruction) and is therefore discovered at a lower 

stage. Still, the higher hazard ratio of DCBDC may be related to either a more aggressive 

inherent biology or to the fact that DCBDC has ready access to the peritoneal cavity and 

may spread more easily than recognized by clinical or pathologic evaluation.

Criteria for tumor staging also differ among the three entities. At the time of this writing, the 

AJCC Cancer Staging Manual is on its 7th Edition. This edition, in addition to a 

classification for pancreas (endocrine and exocrine) lesions, has a separate classification for 

distal bile duct tumors,21 whereas the 6th Edition included distal bile duct lesions in its 

chapter on all extrahepatic bile duct tumors. In the 7th Edition, invasion of the pancreas by 

DCBDC is classified as pT3, whereas invasion of only the pancreas in PDAC is pT1 or pT2, 

depending on size. Hong et al.29,30 have taken issue with the AJCC’s approach of staging 

distal biliary malignancy by involvement of nearby structures. They note that the anatomy of 

the extrahepatic bile duct wall is variable throughout its length, making distinction between 

pT1 tumors (confined to the bile duct) and pT2 tumors (invading beyond the bile duct wall 

but not into adjacent organs) difficult, if not impossible. They also found no survival 
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difference between AJCC pT2 and pT3 carcinomas. Instead, they proposed a classification 

based entirely on depth of invasion, with 5 mm and 12 mm of spread from the CBD 

epithelial surface offered as cutoff points with statistically significant differences in 

prognosis.29,30 As the DCBDC cases in our study were not grossed in a uniform fashion, we 

were unable to perform the same careful, goal-directed analysis that Hong’s group did. Still, 

we similarly found that the current AJCC T-classification did not correlate with prognosis. 

Instead, we found that size-based criteria – specifically, stratifying DCBDC cases by greatest 

dimension (< 2 cm, 2–4 cm, > 4 cm), as is now being proposed for PDAC25 – correlated 

significantly with prognosis, both in isolation and as a substitute for AJCC T-classification. 

These results, in conjunction with Hong’s, indicate that a size-based T-classification system 

is appropriate for staging DCBDC. In any case, the size of an invasive carcinoma should be 

documented in the surgical pathology report and taken into consideration in assessing the 

prognosis of a given case. Of note, some surgical studies have reported that size is not an 

independent prognostic factor, but those studies analyzed extrahepatic bile duct tumors as a 

whole.7–9

In addition to tumor size, we found that lymphovascular invasion and nodal metastases 

significantly impact prognosis in DCBDC. The lymphatic system supplying the distal biliary 

tree drains to lymph nodes around the head of the pancreas, making harvesting of the nodes 

in a pancreatoduodenectomy specimen appropriate for DCBDC.53 Many of the 

aforementioned studies also found that node status7–9,35–38,41–43 is a key prognostic 

indicator in DCBDC patients. Some also reported that prognosis worsens with increased 

number of positive nodes.35–37,41

The prognostic significance of nodal disease underscores the importance of accurate gross 

sampling of lymph nodes, with examination of at least 12 nodes recommended for 

pancreatoduodenectomy specimens.54 We employ an “orange-peeling” technique22,48 that 

has been proven to increase both node count and percentage of node-positive cases. This 

approach was used in 61.7% of our DCBDC cases in this study and more than tripled the 

median number of nodes found in each case.

Most studies on DCBDC, ours included, found positive margins to negatively impact 

prognosis,6,7,35,37,38 though a few did not.8,43 Perineural invasion, found by some8,9,35 but 

not all37,41 other groups to be a negative prognostic indicator, did not have a prognostic 

impact in our study, though our rate of perineural invasion (91.5%) was higher than in these 

other studies, presumably due to the more careful scrutiny we employed during re-review of 

the cases, along with the careful exclusion of non-pancreatobiliary-type cancers, which are 

less prone to show perineural invasion.

In summary, while less common than their intrahepatic counterparts, distal common bile 

duct carcinomas are a distinct entity that can require careful clinical, gross, and/or 

microscopic evaluation in order to properly identify. As they possess significantly different 

clinicopathologic characteristics than PDAC and AC, which they can approximate both 

morphologically and anatomically, due diligence is warranted in order to provide accurate 

prognostic information to patients. While factors such as smaller tumor size and lower rate 

of margin positivity in DCBDC compared to PDAC may be due to factors such as earlier 
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onset of symptoms and increased ease of total resection due to tumor location, the relatively 

younger mean age of DCBDC patients may be related to unknown genetic factors, including 

those that give rise to ductal anomalies such as low union.
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Figure 1. 
Pancreatic ductal adenocarcinoma (PDAC, red), ampullary carcinoma (AC, blue), and distal 

common bile duct carcinoma (DCBDC, green) all arise within close proximity to one 

another and can therefore overlap in terms of the anatomic space they occupy. Furthermore, 

PDAC can secondarily involve the ampulla or common bile duct, and AC and DCBDC can 

similarly invade structures from which they did not originate. Careful consideration of the 

size, epicenter, presentation, and histology of each lesion should allow for accurate 

diagnosis.
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Figure 2. 
(a) In four of our DCBDC cases, the common hepatic duct and cystic bile duct did not join 

until both were within the pancreas, creating a short and entirely intrapancreatic common 

bile duct. We refer to this phenomenon as “low union” of the ducts. (b) A 

pancreatoduodenectomy specimen demonstrating low union. Green ink and green arrow 

denote cystic duct; yellow ink and yellow arrow denote common hepatic duct.
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Figure 3. 
(a) This pancreatoduodenectomy specimen demonstrates a distal common bile duct 

carcinoma forming a constrictive lesion that surrounds and tracks along the common bile 

duct within the pancreas. It also extends partially into the main pancreatic duct and the 

ampulla; however, the tumor epicenter is at the common bile duct. (b) This pattern of spread 

can also be observed microscopically. (c) This carcinoma instead traverses just underneath 

the common bile duct surface, occasionally penetrating it. Intraepithelial neoplasia is not 

present in this portion of the duct. (d) Distal common bile duct carcinoma morphologically 

resembles typical pancreatobiliary-type adenocarcinomas in most cases.
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Figure 4. 
Morphologic variants of otherwise pancreatobiliary-type distal common bile duct carcinoma. 

(a) Tubulolobular features, reminiscent of mammary carcinoma. (b) Microglandular features 

with intraluminal acidophilic secretions (“mesonephric” pattern). (c) Vacuolated features. 

(d) Clear-cell and foamy gland features. (e) Intestinal-type features. (f) Medullary features.
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Figure 5. 
(a) High-grade biliary intraepithelial neoplasia (BilIN) growing in a micropapillary pattern. 

(b) BilIN simulating intestinal-type low- and high-grade dysplasia.
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Figure 6. 
Kaplan–Meier survival curves for ampullary adenocarcinoma (AC), distal common bile duct 

carcinoma (DCBDC), and pancreatic ductal adenocarcinoma (PDAC). Patients with 

DCBDC fared worse than patients with AC (P=0.0006) but better than patients with PDAC 

(P=0.0010, log-rank test).
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