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The consistencies and
inconsistencies between distal
cholangiocarcinoma and
pancreatic ductal
adenocarcinoma: A systematic
review and meta-analysis

Tian-Run Lv †, Ju-Mei Wang †, Wen-Jie Ma, Ya-Fei Hu,
Yu-Shi Dai, Yan-Wen Jin*† and Fu-Yu Li*

Department of Biliary Surgery, West China Hospital, Sichuan University, Chengdu, Sichuan, China
Objective: To evaluate the consistencies and inconsistencies between distal

cholangiocarcinoma (DCCA) and pancreatic ductal adenocarcinoma (PDCA)

regarding their biological features and long-term prognosis.

Methods: PubMed, the Cochrane Library, and EMBASE were searched to find

comparative studies between DCCA and PDCA. RevMan5.3 and Stata 13.0

software were used for the statistical analyses.

Results: Eleven studies with 4,698 patients with DCCA and 100,629 patients

with PDCA were identified. Pooled results indicated that patients with DCCA

had a significantly higher rate of preoperative jaundice (p = 0.0003). Lymphatic

metastasis (p < 0.00001), vascular invasion (p < 0.0001), and peri-neural

invasion (p = 0.005) were more frequently detected in patients with PDCA.

After curative pancreaticoduodenectomy (PD), a significantly higher R0 rate (p

< 0.0001) and significantly smaller tumor size (p < 0.00001) were detected in

patients with DCCA. Patients with DCCA had a more favorable overall survival

(OS) (p < 0.00001) and disease-free survival (DFS) (p = 0.005) than patients with

PDCA. However, postoperative morbidities (p = 0.02), especially postoperative

pancreatic fistula (POPF) (p < 0.00001), more frequently occurred in DCCA.

Conclusion: Patients with DCCA had more favorable tumor pathological

features and long-term prognosis than patients with PDCA. An early

diagnosis more frequently occurred in patients with DCCA. However,

postoperative complications, especially POPF, were more frequently

observed in patients with DCCA.

KEYWORDS

pancreatic ductal adenocarcinoma, pancreaticoduodenectomy, prognosis, distal
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Introduction

Distal cholangiocarcinoma (DCCA) and pancreatic ductal

adenocarcinoma (PDCA) are both defined as peri-ampullary

cancers, sharing incidences of 20% and 70%, respectively (1–3).

Curative resection provides the only chance of curing these

deadly malignancies, and pancreaticoduodenectomy (PD) has

been widely applied in patients with DCCA and PDCA.

However, although these two rare entities share similar surgical

procedures and have a relatively indistinguishable tumor sites,

whether they can be treated equally remains controversial.

Macroscopically, DCCA arises from the epithelium of the

distal bile duct and often involves posterior pancreatic margins,

while PDCA arises from the pancreatic ducts and can occur in

any part of the pancreas (4). There are no specific tumor

biomarkers to date to distinguish them clearly (4). Moreover,

accumulating evidence has suggested that despite their similar

origin and surgical techniques, their clinical-pathological

features and long-term prognosis were reported to be

inconsistent to some extent (4–9). For example, Andrianello

et al. revealed that lymphatic invasion and neural invasion were

more frequently detected in patients with PDCA, and patients

with DCCA had a significantly better prognosis (5). However,

the study by Guilbaud et al. revealed that both tumor types

shared equal prognosis and oncological outcomes (8). The study

introduced above either included a small sample size or just

evaluated their differences from a few tumor-related features.

The small sample size and the inadequate parameters continued

undermining the validity of their results and conclusions.

Obviously, powerful evidence is lacking, and our meta-analysis

is performed to have a more comprehensive evaluation on their

similarities and differences.
Materials and methods

Search strategy

The Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) statements were the major guidelines

observed (10). PubMed, EMBASE, and the Cochrane Library were

searched until 1 May 2022. Eligible studies were restricted to

comparative studies between DCCA and PDCA. The following

keywords were used: distal cholangiocarcinoma, pancreatic ductal

carcinoma, extra-hepatic cholangiocarcinoma, ampullary cancer,
Abbreviations: DCCA, distal cholangiocarcinoma; PDCA, pancreatic du

adenocarcinoma; PD, pancreaticoduodenectomy; OS, overall survival; D

disease-free survival; HR, hazard ratio; OR, odds ratio; CI, confide

interval; WMD, weighted mean difference; POBF, postoperative bili

fistula; POPF, postoperative pancreatic fistula.
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bile duct stenosis, and prognosis. Other relevant studies were

also screened.
Inclusion and exclusion criteria

The following were the inclusion criteria: 1) comparative

studies between DCCA and PDCA or various ampullary cancers,

2) studies that reported the tumor’s clinical-pathological features

or oncological outcomes or long-term survival, and 3) published

English articles. Abstracts, meetings, letters, reviews, or

comments as well as studies that shared completely the same

database were ruled out.
Quality assessment and
statistical analyses

The specific modalities within our manuscript regarding the

quality evaluation of identified studies and statistical analyses are

similar to those of our previous series (11). In order to reduce the

similarity index, no illustrations will be provided (Table 1).
Results

Study identification and selection

A total of 6,932 studies were gained. Subsequently, under the

inclusion and exclusion criteria, 11 studies were finally

incorporated (Figure 1).
Study characteristics

Initially, 12 studies (1, 4–9, 12–16) were identified through

our search strategy. However, the study by Yeo et al. (16) (study

period 1990–1996) and the study by He et al. (14) (study period

1980–2011) both came from Johns Hopkins Hospital. A complete

overlap of the patient source was detected, and therefore, the

study by Yeo et al. was excluded. Consequently, a total of 11

studies (1, 4–9, 12–15) with 4,698 patients with DCCA and

100,629 patients with PDCA were incorporated into our

analysis. Except for the study by Garnier et al. (4), which was

prospective, the remaining studies were retrospective cohort

studies. All these studies reported the overall survival (OS) or

disease-free survival (DFS) via the Kaplan–Meier curves. Nine

studies also compared the clinical-pathological features between

DCCA and PDCA (1, 4–8, 12–14). Additionally, the study by

Hester et al. was based on the National Cancer Database (NCDB),

and their patients were partly surgically treated and the others

were undergoing palliative treatment (2004–2012) (7). Their

study also analyzed the other two types of ampullary cancers,
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TABLE 1 Baseline characteristics of all studies included.

Author Study Patient source No. patients Tumor classification criteria
(DCCA vs. PDCA)

Pathological eval-
uation criteria

Follow-up (months) Quality
score (NOS)

Pathological examination and the
location of the tumor epicenter

NA Median 15 7

Pathological examination and the
location of the tumor epicenter

NA Median 97 6

Pathological examination and the
location of the tumor epicenter

NA NA 6

Pathological examination and the
location of the tumor epicenter

NA NA 6

Pathological examination and the
location of the tumor epicenter

AJCC 7th edition Median 18, range (0–157) 6

WHO classification of tumors of the
digestive system

AJCC 7th edition Median 24, range (3–173) 8

Pathological examination and the
location of the tumor epicenter

AJCC 7th edition Median 14.7, IQR (6.1–32.1) 8

NA AJCC 6/7th edition NA 8

Pathological examination and the
location of the tumor epicenter

AJCC 7th edition NA 7

Preoperative imaging data, biopsy, and
immunohistochemical analyses

AJCC 7th edition Every 3 months during the first 2 years
and every 6 months thereafter

8

Postoperative histological examination NA NA 6

tion; AJCC, American Joint Committee on Cancer; IQR, interquartile range; NA, not available; NOS, Newcastle–Ottawa Quality Assessment Scale.
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period
DCCA PDCA

Geenen RCI
et al., 2001

1992–
1998

Academic Medical Center, Amsterdam, The
Netherlands

32 108

Riall TS et al.,
2006

1970–
1999

Johns Hopkins Hospital, USA 135 564

Hatzaras I
et al., 2010

1992–
2007

The Ohio State University, Columbus, OH,
USA

18 249

He J et al.,
2014

1980–
2011

Johns Hopkins Hospital, USA 317 1688

Gonzalez RS
et al., 2016

NA Emory University Hospital, USA 47 109

Andrianello S
et al., 2016

1998–
2014

University of Verona Hospital Trust, Italy 54 656

Ethun CG
et al., 2016

2000–
2014

US Extra-hepatic Biliary Malignancy
Consortium; Central Pancreas Consortium

224 1239

Hester CA
2018

2004–
2012

National Cancer Database 3732 95511

Garnier J
et al., 2021

2010–
2018

Institut Paoli-Calmettes, Marseille, France 67 288

Guilbaud T
et al., 2021

2005–
2017

Two tertiary referral centers, France 37 151

Muttillo EM
et al., 2021

2010–
2018

Sapienza University, Italy 35 66

DCCA, distal cholangiocarcinoma; PDCA, pancreatic ductal adenocarcinoma; WHO, World Health Organiz
a
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ampullary adenocarcinoma and duodenal adenocarcinoma, at

the same time (7). The baseline characteristics of all studies are

recorded in Table 1. There were a total of 13 measured

parameters, including preoperative jaundice, preoperative

stenting, R0 resection rate, lymph node metastasis, vascular

invasion, neural invasion, tumor size, morbidities, postoperative

biliary fistula (POBF), postoperative pancreatic fistula (POPF),

mortalities, OS, and DFS. The pooled results of all available

studies in measured outcomes are recorded in Table 2.

Preoperative jaundice
Four studies (1, 5, 8, 12) regarding patients with preoperative

jaundice were incorporated, and the pooled result revealed no
Frontiers in Oncology 04
difference (87.2% versus 73.8%, OR = 2.39, 95% CI 0.74 to 7.74; p

= 0.15) (Figure 2A). Significant heterogeneity (c2 = 9.92, p =

0.02, I2 = 70%) was detected, and when the study by Guilbaud

et al. (8) was removed, low heterogeneity with a statistical

difference was then detected (94.2% versus 74.2%, OR = 4.42,

95% CI 1.96 to 9.95; p = 0.0003) (c2 = 2.37, p = 0.31, I2 = 16%).

Preoperative stenting
Four studies (1, 4, 5, 8) reported the number of patients who

received preoperative stenting, and the pooled result revealed no

significant difference (64.2% versus 55.9%, OR = 0.95, 95% CI

0.20 to 4.48; p = 0.95) (c2 = 32.68, p < 0.00001, I2 =

91%) (Figure 2B).
FIGURE 1

The specific process of literature research and selection.
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TABLE 2 Pooled results of all available studies in measured outcomes.

Outcomes No. No. patients Model (fixed/ OR/HR/
WMD

95% CI p (overall
test)

pC (overall
test)

Heterogeneity Begg’s test Egger’s
test

I2

(%)
pH Pr > |z|

*
Pr > |z|

**
p > |t|*

OR = 2.39 0.74–7.74 p = 0.15 pC = 0.0003 70% pH = 0.02 0.497 0.734 0.343

OR = 0.95 0.20–4.48 p = 0.95 pC = 0.95 91% pH <
0.00001

0.174 0.308 0.236

OR = 1.93 1.25–2.97 p = 0.003 pC < 0.0001 78% pH < 0.0001 0.138 0.174 0.128

OR = 0.42 0.29–0.61 p < 0.00001 pC < 0.00001 82% pH <
0.00001

0.048 0.063 0.207

OR = 0.69 0.49–0.97 p = 0.03 pC < 0.0001 59% pH = 0.03 0.188 0.260 0.265

OR = 0.47 0.28–0.79 p = 0.005 pC = 0.005 85% pH <
0.00001

0.348 0.452 0.350

MD = −0.55 −0.72 to −–

0.38
p < 0.00001 pC < 0.00001 67% pH = 0.009 0.348 0.452 0.880

OR = 1.43 0.77–2.64 p = 0.26 pC = 0.02 71% pH = 0.009 0.327 0.462 0.520

OR = 1.30 0.62–2.72 p = 0.49 pC = 0.49 12% pH = 0.32 0.602 1 0.545

OR = 3.52 2.46–5.06 p < 0.00001 pC < 0.00001 14% pH = 0.31 0.602 1 0.625

OR = 1.22 0.51–2.92 p = 0.65 pC = 0.65 0% pH = 0.70 0.142 0.221 0.011

HR = 0.81 0.70–0.95 p = 0.009 pC < 0.00001 74% pH = 0.0001 0.249 0.295 0.467

HR = 1.20 0.68–2.12 p = 0.52 pC = 0.005 83% pH = 0.0005 1 1 0.195

rd ratio; WMD, weighted mean difference; CI, confidence interval; pC, corrected p-value; pC, corrected p-value after the sensitivity analysis; pH, p-value of
pancreatic fistula; OS, overall survival; DFS, disease-free survival.
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studies random)
DCCA PDCA

Preoperative jaundice 4 141 1,164 Random

Preoperative stenting 4 176 1,344 Random

R0 resection rate 8 1,709 27,396 Random

Lymph node
metastasis

8 2,111 35,422 Random

Vascular invasion 6 695 3,723 Random

Neural invasion 6 737 4,271 Random

Tumor size 6 695 3,723 Random W

Morbidities 5 208 1,452 Random

POBF 3 158 1,095 Fixed

POPF (B-C) 3 158 1,095 Fixed

Mortalities 5 208 1,452 Fixed

OS 9 4,485 99,016 Random

DFS 3 315 2,046 Random

DCCA, distal cholangiocarcinoma; PDCA, pancreatic ductal adenocarcinoma; OR, odds ratio; HR, haza
the heterogeneity; POBF, postoperative biliary fistula; B-C, Clavien grade B to C; POPF, postoperativ
*p-value; **p-value (continuity corrected).
e
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FIGURE 2

Pooled results regarding the tumor clinical-pathological features and long-term prognosis between DCCA and PDCA. (A) Preoperative jaundice.
(B) Preoperative stenting. (C) R0 rate. (D) Lymph node metastasis. (E) Vascular invasion. (F) Neural invasion. (G) Tumor size. (H) Postoperative
morbidities. (I) Postoperative biliary fistula. (J) Postoperative pancreatic fistula. (K) Mortalities. (L) Overall survival. (M) Disease-free survival.
DCCA, distal cholangiocarcinoma; PDCA, pancreatic ductal adenocarcinoma.
Frontiers in Oncology frontiersin.org06

https://doi.org/10.3389/fonc.2022.1042493
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lv et al. 10.3389/fonc.2022.1042493
R0 resection rate
Eight studies (1, 4–8, 12, 13) were incorporated, and a

significantly higher R0 rate in patients with DCCA was

acquired (81.8% versus 81.3%, OR = 1.93, 95% CI 1.25 to 2.97;

p = 0.003) (c2 = 31.24, p < 0.0001, I2 = 78%) (Figure 2C). When

the study by Garnier et al. (4) was removed, low heterogeneity

with a more significant p-value was acquired (84.1% versus

82.2%, OR = 1.33, 95% CI 1.16 to 1.53; p < 0.0001) (c2 = 6.27, p =

0.39, I2 = 4%).

Lymph node metastasis
Eight studies (1, 4–8, 12, 13) were incorporated, and a

significantly higher incidence of node metastasis in patients

with PDCA was observed (51.9% versus 65.6%, OR = 0.42,

95% CI 0.29 to 0.61; p < 0.00001) (c2 = 38.83, p < 0.00001, I2 =

82%) (Figure 2D). Heterogeneity analysis indicated that the

study by Andrianello et al. (5) was the major source

of heterogeneity.

Vascular invasion
Six studies (1, 4, 6, 8, 12, 14) were incorporated, and a

significantly higher incidence of vascular invasion was acquired

in patients with PDCA (36.7% versus 44.3%, OR = 0.69, 95% CI

0.49 to 0.97; p = 0.03) (c2 = 12.25, p = 0.03, I2 = 59%)

(Figure 2E). Heterogeneity analysis indicated that the study by

Ethun et al. (6) was the major source of heterogeneity (32.1%

versus 42.6%, OR = 0.63, 95% CI 0.51 to 0.78; p < 0.0001) (c2 =
7.75, p = 0.1, I2 = 48%).

Neural invasion
Six studies (1, 4–6, 8, 14) were incorporated, and a

significantly higher incidence of peri-neural infiltration in

patients with PDCA was acquired (65.4% versus 77.0%, OR =

0.47, 95% CI 0.28 to 0.79; p = 0.005) (c2 = 33.49, p < 0.00001, I2 =

85%) (Figure 2F). Heterogeneity analysis indicated the absence

of a remarkable source of heterogeneity.

Tumor size
Six studies (1, 4, 6, 8, 12, 14) were incorporated, and the

pooled result revealed that patients with PDCA had a

significantly larger tumor size than patients with DCCA

(weighted mean difference (WMD) = −0.55; 95% CI −0.72 to

−0.38; p < 0.00001) (c2 = 15.38, p = 0.009, I2 = 67%) (Figure 2G).

Heterogeneity analysis indicated the absence of a remarkable

source of heterogeneity.

Morbidities
Five studies (1, 4, 5, 8, 12) were incorporated, and no

significant difference was acquired (53.8% versus 46.2%, OR =

1.43, 95% CI 0.77 to 2.64; p = 0.26) (Figure 2H). High

heterogeneity (c2 = 13.61, p = 0.009, I2 = 71%) was detected,

and heterogeneity analysis indicated that when the study by
Frontiers in Oncology 07
Hatzaras et al. (1) was removed, a lower heterogeneity with a

significantly higher incidence of postoperative morbidities in

patients with DCCA was acquired (57.4% versus 47.3%, OR =

1.80, 95% CI 1.10 to 2.93; p = 0.02) (c2 = 6.42, p = 0.09,

I2 = 53%).

Postoperative biliary fistula
Three studies (4, 5, 8) were incorporated, and the pooled

result revealed no significant difference between the two groups

(5.7% versus 4.4%, OR = 1.30, 95% CI 0.62 to 2.72; p = 0.49)

(c2 = 2.27, p = 0.32, I2 = 12%) (Figure 2I).

Postoperative pancreatic fistula (Clavien grade
B to C)

Three studies (4, 5, 8) were incorporated, and a significantly

higher incidence of pancreatic fistula in patients with DCCA was

acquired (41.8% versus 15.7%, OR = 3.52, 95% CI 2.46 to 5.06;

p < 0.00001) (c2 = 2.32, p = 0.31, I2 = 14%) (Figure 2J).

Mortalities
Five studies (1, 4, 5, 8, 12) were incorporated, and no

significant difference was detected (2.9% versus 2.5%, OR =

1.22, 95% CI 0.51 to 2.92; p = 0.65) (c2 = 2.20, p = 0.70, I2 =

0%) (Figure 2K).

Overall survival
Nine studies (1, 4, 7–9, 12–15) were incorporated, and a

significantly better OS was acquired in patients with DCCA

(hazard ratio (HR) = 0.81, 95% CI 0.70 to 0.95, p = 0.009) (c2 =
30.93, p = 0.0001, I2 = 74%) (Figure 2L). Significant

heterogeneity was detected, and heterogeneity analysis

indicated that when the study by Hatzaras I et al. (1) was

removed, patients with DCCA had a much better prognosis

than patients with PDCA (HR = 0.77, 95% CI 0.74 to 0.80, p <

0.00001) (c2 = 13.84, p = 0.05, I2 = 49%).

Disease-free survival
Three studies (5, 6, 8) with four outcomes (two outcomes

from the study by Andrianello et al.: with and without adjuvant

therapies) were incorporated, and no significant difference was

acquired (HR = 1.20, 95% CI 0.68 to 2.12, p = 0.52) (c2 = 17.81,

p = 0.0005, I2 = 83%) (Figure 2M). However, when the study by

Ethun et al. was removed, low heterogeneity with a significantly

better DFS was achieved in patients with DCCA (HR = 1.69, 95%

CI 1.15 to 2.20, p = 0.005) (c2 = 0.26, p = 0.88, I2 = 0%).
Publication bias, sensitivity analysis, and
heterogeneity analysis

As shown in Table 2, among all the comparisons except for

mortalities, the p-values in Egger’s test were all higher than 0.05,
frontiersin.org
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indicating the absence of remarkable bias. As for the comparison

of postoperative mortalities, the p-value of Egger’s test was <0.05

(p = 0.011). Begg’s funnel plot and filled funnel plot (meta-trim

command) were used for further evaluation (Figure S1). The

result after trimming was similar to the result before trimming,

indicating the absence of remarkable bias. The results of

sensitivity analyses and heterogeneity analyses are recorded in

the Results section of our manuscript.
Discussion

DCCA and PDCA have similar malignancies, sharing the

common pancreatico-biliary epithelium. Owing to the rarity of

DCCA, especially in western countries, little has been known

about the similarities and differences between DCCA and

PDCA. Previous studies have indicated that DCCA and PDCA

shared similar tumor biological features (17, 18). However, the

World Health Organization (WHO) has indicated that DCCA

and PDCA are two independent entities (19). Therefore, we

performed the current meta-analysis to systematically evaluate

the consistencies and inconsistencies of these two rare entities.

Our major findings are as follows:
Fron
1. Obstructive jaundice and subsequent preoperative

stenting are more frequently detected in patients with

DCCA.

2. Patients with PDCA tend to have a larger tumor size,

and PDCA exhibited more aggressively, with node

metastasis and neural invasion more frequently

detected in patients with PDCA. Patients with DCCA

had a significantly higher R0 resection rate.

3. After curative-intent resection, patients with DCCA

have more morbidities, and the incidence of POPF is

significantly higher in patients with DCCA.

4. Patients with DCCA had a more favorable prognosis

than patients with PDCA.
Diagnostic challenge

To accurately distinguish DCCA from PDCA preoperatively

is rather technically challenging and confusing. Regarding

preoperative laboratory examinations, such as tumor biomarker

CA199, previous observations often showed no meaningful

results (1). As for radiological approaches, such as computed

tomography (CT) and magnetic resonance imaging, these

modalities can contribute to confirming the site of the tumor

origin of intra-pancreatic lesions to some extent. However,

regarding lesions within the pancreatic head, the correct

localization could be more difficult (20). Both tumors often

present as a solitary mass, adjacent to the ampullary or within

the pancreas in the imaging of CT scan or ultrasound. Moreover,
tiers in Oncology 08
an endoscopic exploration often failed to provide valuable

information, for they are both adenocarcinomas (21). Hence,

accurate diagnosis mainly relies on intra- or postoperative

pathological specimen evaluation. Macroscopically, the location

of the tumor epicenter may contribute to a better distinction

because DCCA mainly arises from the bile duct wall, until the

posterior-cranial aspect of the pancreatic head, above or at the

level of the ampulla (4). The cancer tissue of DCCA often spreads

in a circumferential manner and therefore forms a constrictive

lesion along the bile duct. Obstructive jaundice due to tumor

infiltration often occurs earlier and is rather severe, which has

been validated in our study that the proportion of patients with

preoperative jaundice is extremely higher in patients with DCCA

(p = 0.0003). As was acquired in our analysis, the tumor size of

patients with DCCA was often smaller than that of patients with

PDCA (p < 0.00001). A smaller tumor size in DCCA would cause

earlier-period jaundice and would lead to an early diagnosis. In

contrast to DCCA, pancreatic tumors can be found in any part of

the pancreas, and the obstructive is often much later due to a

delayed infiltration of the common bile duct. It is also unusual for

PDCA to involve the distal bile duct circumferentially in a rather

disorganized manner (13). Microscopically, there is no valid

evidence suggesting the accurate differentiation of DCCA and

PDCA, except for cases with precursor lesions (bile ductal or

pancreatic) identified. It is worth mentioning that there are no

specific immune-histochemical markers for distinguishing

DCCA from PDCA (4). Additionally, although the ultrasound-

guided invasive tissue biopsy may provide pathological

confirmation, the risk of tumor dissemination, hemorrhage,

organ injuries, or inflammation has made this medical

procedure more technically challenging and less widely

applicable (22–24). These factors all make the precise diagnosis

of DCCA and PDCA more confusing. However, recently,

promising results were reported by Gkolfakis et al.; in their

study, the results of a network meta-analysis indicated that 22-

gauge size end-cutting fine-needle biopsy needles showed the

most favorable diagnostic performance for pancreatic masses

with an extremely low false-negative rate (25). This unexpected

finding may help clinicians better distinguish DCCA

from PDCA.
Surgical and pathological findings

In our meta-analysis, a total of 2,261 patients with DCCA

and 29,996 patients with PDCA received curative-intent PD.

Pooled results revealed that patients with DCCA had a

significantly higher R0 resection rate than patients with PDCA

(p < 0.0001). A similar result was also reported by other authors

(4, 6). Further exploring its potential reasons, we accounted for it

for the following reasons. First, due to the tumor location of

DCCA, that is, its location is often within the bile duct lumen,

DCCA tends to cause symptomatic obstructive jaundice earlier
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with a less advanced stage and a smaller tumor size at the time of

diagnosis as well as patients receiving curative surgery.

Numerous studies have also reported that patients with DCCA

might present with more symptomatic pancreatic symptoms,

including pain, abdominal fullness, early satiety, and weight loss

(26, 27). Second, previous studies have proved that patients with

PDCA had a significantly higher incidence of portal vein

reconstruction (4, 6). Moreover, lymph node metastasis (p <

0.00001) and neural invasion (p = 0.005) were more frequently

detected in patients with PDCA, reflecting the fact that the

majority of patients with PDCA were diagnosed in a more

advanced stage, and therefore, achieving a negative margin

could be more difficult. Our meta-analysis revealed a

significantly lower R0 rate in patients with PDCA (p <

0.0001). However, conversely, the study by Garnier et al. (4)

reported a similar R0 resection rate among patients with DCCA

and PDCA. Garnier et al. analyzed its potentially reasonable

reasons and accounted for the modern cohort (2010–2018) of

their study. Compared with the study by Ethun et al. (6) (2000–

2015), the great evolvement in PD specimen analyses in the late

2000s, that is, the highlight of the venous groove invasion in

patients with DCCA since then, would increase the R1 rate of

DCCA (28). Additionally, in the study by Garnier et al., the

application of neo-adjuvant therapies in patients with PDCA

might also cause a lower R1 rate (4). After neo-adjuvant

therapies, residual cancer often consists of scattered tumor foci

separated by stretches of non-neoplastic tissue, which would lead

to a higher possibility of negative margins (29). In short, based

on our findings as well as the observations reported by others,

PDCA tends to be more advanced with a lower R0 resection rate

and higher incidences of node metastasis and neural invasion.

Evaluating the surgical margins can be problematic after the

application of neo-adjuvant therapies, and future well-designed

studies are required for further exploration.
Morbidities

After the application of curative PD, patients with DCCA

had a significantly higher incidence of postoperative

complications, especially the incidence of POPF (Clavien grade

B to C) (p < 0.00001) and other pancreas-associated

complications. Our findings were consistent with the

observations reported in previously published literature (16,

30, 31). Based on the International Study Group on Pancreatic

Fistula, pancreatic duct size <3 mm and soft pancreatic

parenchyma are all risk factors for POPF (32). As was

acquired in our analysis, patients with DCCA had a smaller

tumor size than patients with PDCA (p < 0.00001). The DCCA

would mainly infiltrate the main bile duct rather than cause

obstructive pancreatitis. An un-dilated pancreatic duct and the

soft pancreatic parenchyma without tumor infiltration would

greatly increase the risk of POPF. One previous study has
Frontiers in Oncology 09
demonstrated that a hard pancreas is advantageous for

surgeons because the infiltration of the pancreatic duct seemed

to have increased the mechanical strength, leading to a more

solid pancreaticojejunostomy (33). Consequently, the earlier

diagnosis of DCCA tends to cause more severe post-

anastomosis pancreatic fistula, linked with postoperative

mortalities, various complications (delayed gastric emptying),

and a longer postoperative hospital stay (34).
Prognosis

The prognosis of patients with DCCA is significantly better

than that of patients with PDCA in our analysis (p < 0.00001),

which is in line with the observations reported by others (4–6, 9,

35). The most likely explanation for this phenomenon is that

patients with PDCA were more frequently diagnosed in an

advanced stage with delayed-observed obstructive jaundice.

The incidences of node metastasis and neural invasion were

significantly higher in patients with PDCA. Node metastasis and

neural invasion have both been demonstrated as independent

prognostic factors for peri-ampullary cancers (1). With regard to

patients with DCCA, earlier-detected obstructive jaundice would

introduce an earlier diagnosis as well as more timely curative

surgery. Consequently, a significantly higher R0 rate could be

detected more frequently in patients with DCCA. One previous

meta-analysis with 2,063 patients with DCCA included has

indicated that peri-neural invasion, R0 resection rate, and

node metastasis were all independent prognostic factors (36).

Lymph node status, margin status, and neural invasion have also

been regarded as the prognostic factors for peri-ampullary

cancers in general (37, 38). Interestingly, in the study by

Guilbaud et al., after controlling the factors margin status,

node metastasis, and tumor size via propensity score matching

analysis, patients with DCCA had a similar prognosis versus

patients with PDCA (8), which further validated the fact that

tumor biology seemed to have the strongest weight of evidence

of predicting survival (39–41). Moreover, the earlier diagnosis of

DCCA with less advanced disease often leads to a higher R0 rate,

which further promotes a better prognosis of DCCA.

There are several limitations to our study. First, the

retrospective nature of the majority of included studies would

introduce bias. Second, owing to the rarity of DCCA, especially

in western countries, the comparison between DCCA and PDCA

would be less convincing. Third, the estimation of HRs via

Tierney’s method might introduce bias. Fourth, the deficiency of

the original date also hindered deeper exploration.
Conclusion

DCCA had more favorable tumor pathological features and

prognosis than PDCA, and preoperative jaundice was more
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common in patients with DCCA. Moreover, even after the same

surgical procedure, PD, a significantly higher incidence of

postoperative complications, especially POPF, was more

common in patients with DCCA.
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