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Objective: This review investigates the role of adjuvant therapy (AT) and the importance of histopathological 
typing in periampullary carcinoma (PAC) treatment. 
Background: PAC is a relatively rare gastrointestinal malignancy. The regimen and effect of AT in PAC are still 
controversial. However, there is a treatment based on histopathological types (pancreaticobiliary-type, PB-type 
or intestinal-type, IN-type), but there are no clear guidelines indicating that typing can be used to guide the 
selection of AT drugs. 
Methods: A literature search of PubMed and Web of Science databases was conducted for studies published from 
January 2001 to August 2021 on the use of AT in PAC. 
Results: A total of 75 studies were included in this review. According to existing studies, AT for PAC is mostly 
based on 5-FU or gemcitabine, but the effect is unknown. However, when PAC is classified into different his-
topathological types, AT with gemcitabine is beneficial for patients with the PB-type of PAC, while 5-FU-based 
AT is beneficial for patients with the IN-type of PAC. In addition, the benefits of AT are more pronounced in 
patients with a high-risk disease, such as patients with stage II/III, T3/T4 tumors, or positive lymph node 
involvement. There are few studies on targeted therapy and immunotherapy for PAC. 
Conclusions: This review suggests that AT has potential survival benefits, especially when based on the histo-
pathologic type that helps the choice of drugs during AT in PAC patients.   

Introduction 

Periampullary carcinoma (PAC) is a malignant tumor originating 
from the area within 2 cm of the Ampulla of Vater [1,2] and comprises 
different types of cancer, including Ampulla of Vater cancer, pancreatic 
head cancer, distal common bile duct cancer, and duodenal papillary 
cancer. Most PAC are adenocarcinomas; however, they can occasionally 
present an adenosquamous, neuroendocrine, or mucinous carcinoma 
phenotype. PAC is relatively rare in clinic and constitutes 5% of all 
gastrointestinal tract malignancies [3]. It has the eighth to ninth most 
frequent incidence and is the fourth to fifth most common cause of death 
associated with gastrointestinal tract malignancies. The incidence is 
11.7/10 5 people for pancreatic head cancer, 0.88/10 5 for the distal 
common bile duct cancer, 0.49/10 5 Ampulla of Vater cancer, and 
0.01/10 5 for duodenal papillary cancer [4–6]. The age of most patients 
ranges from 40 to 70 with a slight male predominance [7]. 

Currently, surgical resection remains the main therapy option to 

improve long-term survival through local resection (ampullectomy), 
pancreaticoduodenectomy (PD), and pylorus-preserving pan-
creaticoduodenectomy (PPPD) [11–13]. PD is considered as the stan-
dard treatment for PACs with a resection rate of 20–50% [14–17]. Due 
to the similar anatomical position and different histological sources, 
there is a significant variation in the survival rate after resection [9]. The 
5-year survival rates after surgical resection are 33–68% for ampullary 
carcinoma, 23–30% for distal common bile duct carcinoma, 25–59% for 
duodenal adenocarcinoma, and 5–20% for pancreatic carcinoma [8,16, 
18–22]. Metastatic or advanced PACs are characterized by worse 
prognosis with 2-year survival rates ranging from 5 to 10% [23]. 

Surgery alone cannot provide a favorable long-term cure rate as 
30–50% of patients experience recurrence and ultimately die from the 
disease [24]. The most common recurrence sites are the celiac lymph 
node, the liver, and the lungs [10,25]. Therefore, adjuvant therapy (AT) 
is recommended with the aim of improving the long-term survival 
[26–30]. However, there is no convincing evidence that AT is beneficial 
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and no optimal treatment drugs for PACs’ AT. 
Based on related studies that were published between 2001 and 

2021, this review investigates the function of different AT strategies and 
the importance of histopathological subtyping in PACs’ treatment in 
guiding clinical treatments, associated with the lack of standard regimen 
that undermine the efficacy of treatment on PACs. 

Methods 

Search strategy 

In this review, we define AT, including chemotherapy, radiotherapy, 
concurrent chemoradiotherapy, targeted therapy, immunotherapy and 
neoadjuvant therapy in PAC patients who accept surgery or not. 

A literature search of PubMed and Web of Science databases was 
conducted for experimental studies published from January 2001 to 

February 2021 on the use of AT in PACs. Reviews and related back-
ground literature were also performed. The references of each article 
were manually checked to prevent omissions. The search was repeated 
in August 2021 to detect the most recently published studies. The pri-
mary objective of this review is to determine the efficacy and optimal 
treatment regimen of AT in patients with PACs. 

The keywords used were: periampullary, ampullary, duodenal 
papillary, cancer, and all relevant key variations of these terms. The 
exclusion criteria were as follows: (1) Letters, and conference summaries 
with limited data; (2) Studies conducted using animals or cell lines; (3) 
Studies with no available English translation; (4) Periampullary carci-
noma is not mentioned in title or abstract; and (5) No full-text available. 
The literature search was conducted by five authors, and discrepancies 
were discussed until a consensus on the relevance had been reached. 

Fig. 1. Flowchart showing the selection process of the review articles. (*Two overlapping articles in these groups),  
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Result 

Selection of studies 

The flow chart in Fig. 1 shows the results of 75 analyzed studies. A 
preliminary search of PubMed and Web of Science resulted in 1039 and 
1604 eligible studies, respectively. Since our main objective was to 
determine the efficacy and optimal regimen of AT for patients with 
PACs, the only relevant literature on the application of AT in PACs and 
with main introduction on PACs, was included. As a result, 83 publi-
cations were included by combining the results of the two databases. 
After reviewing the full text of the publications, 75 of these met the 
inclusion criteria, including 38 experimental studies and 37 as back-
ground support publications. The main studies of AT for PAC are listed 
in Tables 1 and 2. 

Adjuvant chemotherapy for PACs 

Condition of adjuvant chemotherapy 
As PACs are relatively rare, the current application of adjuvant 

chemotherapy (ACT) for PACs mostly refers to that of pancreatic cancer, 
cholangiocarcinoma (gemcitabine-based), and colorectal cancer (5-FU- 
based) [32,33]. There are still controversies about the optimal regimen 
and optional time, and whether ACT is needed [3,25,32–43] 

Several trials have shown that ACT improves survival in patients 
with PACs [25,34–37]. In an international multicenter cohort of 976 
patients with PACs, patients receiving gemcitabine-based regimens had 
a better survival than those who did not (median OS not reached vs. 60 
months, p = 0.051) [34]. Similarly, in the ESPAC-3 multicenter ran-
domized phase III trial of ACT (combination of FU with folinic acid or 
gemcitabine) compared to 428 resected PACs, a benefit to ACT was 
observed after multiple regression analysis (median OS 43.1 vs. 35.2 
months, p = 0.03) [35]. 

However, some studies have questioned the value of ACT [3,38,39]. 
In a retrospective study of 357 patients with PACs, the use of chemo-
therapy (FU-based or gemcitabine-based) was not associated with 
improved long-term survival (p = 0.69) [39]. Two other studies were 
consistent with the result, but it remains to be verified due to the small 
number of patients [3,38]. 

To explore the optimal regimen, some studies compared the efficacy 
of FU-based and gemcitabine-based regimens [32,35]. A US study of 121 
patients showed that patients receiving 5-FU have longer median OS and 
improved survival (p = 0.046) than those receiving gemcitabine (87.4 
vs. 38 months). In this study, gemcitabine did not show a significant 
effect (p = 0.167) [32]. However, in the ESPAC-3 study, 428 patients 
with PACs were enrolled, and gemcitabine showed a better survival 
benefit compared to that of the combination of FU with folinic acid 
(median OS 45.7 vs. 38.9 months) [35]. 

The role of histopathological typing in adjuvant chemotherapy 
At present, there is no convincing evidence on the benefits of ACT 

and optimal treatment regimen for PACs. One main reason is the het-
erogeneity of the tumor tissue origin (duodenal, biliary, or ductal 
pancreatic epithelia), which shows different sensitivities to chemo-
therapeutic agents leading to inconsistent results in the above- 
mentioned trials [42]. Nevertheless, the effect of tissue heterogeneity 
in AT did not attract enough attention. 

Therefore, there has been a recent tendency to vary the treatment of 
patients with PACs based on whether the tumor displayed an intestinal 
(IN-type) or pancreatobiliary (PB-type) histopathological phenotype 
[9]. The IN-type PAC originates from the intestinal epithelium overlying 
the ampulla, including duodenal carcinoma and some of the ampullary 
carcinomas. Whereas the PB-type PAC originates from the epithelium of 
the distal common bile duct and the head of pancreatic duct, including 
pancreatic cancer, distal bile duct cancer, and some of the ampullary 
carcinomas [3,44]. According to reports, the PB-type PAC has a worse 

prognosis compared to that of IN-type PAC (median OS 16.1 vs. 115.5 
months, p < 0.001) [45]. Therefore, the histopathological phenotype 
has been reported as a factor that is independently associated with 
survival in patients with PACs and is used to guide the selection of 
relevant adjuvant regimens [39,46]. As PB-type tumors behave more 
like pancreatic cancer, gemcitabine-based regimens may be indicated. 
Conversely, due to the similarity between IN-type tumors and colorectal 
cancer, 5-FU-based regimens may be more effective [33,41]. 

At present, the main typing methods combine H&E staining with 
immunohistochemical (IHC) staining. H&E staining is mainly based on 
tissue morphology and structure, while IHC staining is mostly based on 
the detections of the markers, CK20, CDX2, MUC1, and MUC2 [47]. 
According to the system proposed by Ang et al., tumors that stain pos-
itive for CK20, CDX2, or MUC2, and negative for MUC1, or positive for 
all of three markers, regardless of MUC1, are classified as IN-type. Tu-
mors that stain positive for MUC1 in the absence of both CDX2 and 
MUC2 are classified as PB-type, regardless of the status of CK20. Other 
combinations are classified as ambiguous (AM-type) [47]. 

Some studies reported the benefits of subtype classification in the 
treatment of PACs [33,34,36,39,40,43]. A retrospective study of 95 
patients showed no efficacy with gemcitabine in the entire cohort (p =
0.832). However, after histopathological classification, the survival 
benefit of gemcitabine monotherapy was only seen in PB-type patients 
(median OS 32 vs. 13 months, p = 0.013), whereas gemcitabine tended 
to be associated with decreased OS in IN-type patients (median OS 35 vs. 
112 months, p = 0.193) [33]. In a study of 976 patients with PAC, the 
survival benefit after gemcitabine therapy was only seen in patients with 
PB and AM types (median OS not reached vs. 32 months, p = 0.020). 
IN-type patients did not show any survival benefit from gemcitabine 
therapy (median OS not reached vs. not reached, p = 0.719) [34]. A 
study of 214 patients with PACs, who were treated with gemcitabine, 
showed that although both subtypes significantly benefited from ACT 
(median OS IN: not reached vs. 28.62 months, PB: 58.09 vs. 18.46 
months, p < 0.001), there was no statistical difference in OS between 
IN-type and PB-type patients (p = 0.209). Due to the poor survival of 
PB-type patients compared with that of IN-type patients, this study 
suggest that the benefit of gemcitabine is more pronounced in PB-type 
patients [36]. Similarly, a Korean study of 17 patients with PAC 
concluded that the XELOX (Capecitabine and Oxaliplatin) regimen was 
better for patients with advanced IN-type PAC compared to that of pa-
tients with PB-type PAC (median TTP 13.1 vs. 6.4 months, p = 0.038). 
However, this difference may be attributed to the favorable prognosis of 
IN-type patients [40]. 

Existing studies mostly support the potential benefits of typing 
therapy, but a study had a different opinion [32]. In the PB-type cohort, 
patients receiving 5-FU had the longest median survival compared with 
that of gemcitabine or no treatment cohorts (40.4 vs. 30.4 vs. 29.4 
months). For the AM subtype, 5-FU also contributed to the longest 
survival compared with that of gemcitabine or no treatment cohorts 
(87.4 vs. 23.5 vs. 33.5 months). The results showed that the combination 
of AT with 5-FU confers a survival benefit, regardless of the subtype. The 
lack of survival benefit from gemcitabine may be related to the limited 
sample size of the AT arm (n = 47), which limited robust analysis of the 
interactions between subtypes and different chemotherapy regimens 
[32]. 

Adjuvant radiotherapy and chemoradiotherapy for PACs 

The role of adjuvant radiotherapy in the treatment of PACs 
By searching the literature, we only found three publications on the 

role of adjuvant radiotherapy (ART) alone for PACs [48–50]. According 
to these studies, there is no survival advantage for ART for PAC patients. 

A retrospective study evaluated the effect of ART on survival in 
resected PACs [48]. In PSM cohorts, 326 patients received surgery and 
ART and 236 patients received surgery alone. No significant difference 
in OS was observed (29 vs. 37 months, p = 0.119). 

Z. Duan et al.                                                                                                                                                                                                                                    



Translational Oncology 20 (2022) 101414

4

Table 1 
Characteristics of major adjuvant chemotherapy studies.  

Author Trial 
type 

Year Country N Treatment arms Primary 
endpoint 

Result 
Regimen/Drug Survival (Months) 

Kim [25] R 2020 Korea 646 1. Fluoropyrimidine-based (123) 
2. Ob (123) 

Median OS 
Median RFS 

Fluoropyrimidine-based vs 
Ob 
Fluoropyrimidine-based vs 
Ob 

41 vs 36 (P = 0.134) 
18 vs 16 (P = 0.205) 

Al Abbas [32] R 2019 America 121 1. 5-FU (14) 
2. Gem (33) 
3. Ob (74) 

Median OS ACT vs Ob 
5-FU vs Ob 
Gem vs Ob 
5-FU vs Gem 

45.6 vs 32.1 (P =
0.032) 
87.4 vs 32.1 (P =
0.046) 
38.0 vs 32.1 (P =
0.167) 
87.4 vs 38.0 (P =
0.203) 

1. PB (58): 5-FU (6) Gem (24) Ob 
(28) 
2. IN (39): 5-FU (4) Gem (6) Ob 
(29) 
3. AM (24):5-FU (4) Gem (3) Ob 
(17) 

Median OS PB: 5-FU vs Gem vs Ob 
IN: 5-FU vs Gem vs Ob 
AM: 5-FU vs Gem vs Ob 

40.4 vs 30.4 vs 29.4 
(P. NS) 
52.7 vs NR vs 32.4 
(P. NS) 
87.4 vs 23.5 vs 33.5 
(P. NS) 

1. Stage I + II A: ACT (10) Ob (29) 
2. Stage II B + III: ACT (37) Ob (26) 

Median OS stage I + II A: ACT vs Ob 
stage II B + III: ACT vs Ob 

NS (P = 0.121) 
38.6 vs 21.4 (P <
0.01) 

Schiergens [33] R 2015 Germany 95 1. Gem (34) 
2. Ob (60) 

OS Gem vs Ob NS (P = 0.832) 

1. PB (46): Gem (22) Ob (24) 
2. IN (47): Gem (12) Ob (35) 
3. Undifferentiated (2) 

Median OS PB: Gem vs Ob 
IN: Gem vs Ob 

32 vs 13 (P = 0.013) 
35 vs 112 (P =
0.193) 

Moekotte [34] R 2020 Six countries 976 1. Gem-based (194) 
2. Ob (194) 

Median OS Gem vs Ob NR vs 60 (P =
0.051) 

1. PB/AM (194): Gem-based (97) 
Ob (97) 
2. IN (90): Gem-based (45) Ob (45) 

Median OS PB/AM: Gem-based vs Ob 
IN: Gem-based vs Ob 

NR vs 32 (P =
0.020)  
NR vs NR (P =
0.719) 

Neoptolemos  
[35] 

RCT 2012 Europe Australia 
Japan Canada 

428 1. CF + FU (143) 
2. Gem (141) 
3. Ob (144) 

Median OS ACT vs Ob 
CF + FU vs Ob 
Gem vs Ob 

43.1 vs 35.2 (P =
0.03) 
38.9 vs 35.2 (P =
0.74) 
45.7 vs 35.2 (P =
0.10) 

Ramaswamy  
[36] 

R 2019 India 214 1. PB (105): Gem-based (64) Ob 
(16) 
2. IN (109): Gem-based (50) Ob (9) 

Median OS PB: Gem vs Ob 
IN: Gem vs Ob 

PB: 58.09 vs 18.46 
(P < 0.001) 
IT: NR vs 28.62 P <
0.001) 

1. Stage I + II + III (214): Gem- 
based (135) Ob (79) 
2. Stage II + III (139): Gem-based 
(114) Ob (25) 

Median OS Stage I + II + III: Gem- 
based vs Ob 
Stage II +III: Gem-based vs 
Ob 

NS (P = 0.603) 
NR vs 22.28 (P =
0.036)   

Author Trial 
type 

Year Country N Treatment arms Primary 
endpoint 

Result 
Regimen/Drug Survival (Months) 

Ecker [39] R 2019 Multinational 357 1. FU-based (29) 
2. Gem-based (57) 
3. Ob (70) 

OS ACT vs Ob 
FU-Based vs Ob  
Gem-Based vs Ob 

NS (P = 0.69) 
NS (P = 0.68) 
NS (P = 0.74) 

1. PB (65): 5-FU (9) Gem (29) Ob (27) 
2. IN (78): 5-FU (19) Gem (18) Ob 
(41) 

OS PB: 5-FU vs Ob   
Gem vs Ob  

IN: 5-FU vs Ob   
Gem vs Ob 

NS (P = 0.94) 
NS (P = 0.77) 
NS (P = 0.72) 
NS (P = 0.63) 

1. Stage I (30): ACT (14) Ob (16) 
2. Stage II (19): ACT (12) Ob (7) 
3. Stage III (99): ACT (52) Ob (47) 

OS stage I: ACT vs Ob 
stage II: ACT vs Ob 
stage III: ACT vs Ob 

NS (P = 0.05) 
NS (P = 0.55) 
NS (P = 0.36) 

Kim [40] R 2013 Korea 21 XELOX (21) ORR 
Median TTP 
Median OS  

38%* 
7.6 
19.7 

1. PB (10) 
2. IN (7) 

Median TTP PB vs IN 6.4 vs 13.1 (P = 0.038) 

Overman  
[41] 

P 2009 America 30 
SBA 18 
AAC 12 

CAPOX (30) ORR 
Median TTP 
Median OS  

50%*(SBA 61%,AAC 
33%) 
11.3 
20.4 

Kim [42] R 2010 Korea 29 Platinum-based (29) ORR 
Median TTP 
Median OS  

27.5%* 
4.9 
12.5 

1. FP (11) 
2. XP (9) 
3. GP (9) 

TTP 
OS 

FP vs XP vs GP 
FP vs XP vs GP 

NS (P = 0.79) 
NS (P = 0.85) 
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Another retrospective study that aimed at defining the role of 
external beam radiotherapy on resected PAC showed similar results 
[49]. After PSM, 606 patients were identified, of which 308 patients 
received ART. When compared to surgery alone, ART failed to improve 
OS (27 vs. 29 months, p = 0.58). Moreover, ART did not confer an OS 
benefit among high-risk patients in the PSM cohorts that were stratified 
by poor prognostic tumor characteristics, such as patients with T3/T4 
tumors (26 vs. 24 months, p = 0.13) and presence of poor histology (26 
vs. 25 months, p = 0.59). Adjuvant radiation in the setting of lymph node 
metastasis showed a trend towards improved survival but it was not 
statistically significant (26 vs. 22 months, p = 0.06). 

The role of adjuvant chemoradiotherapy in the treatment of PACs 
Currently, there is some practice to use a regimen based on 

combining ART with 5-FU, gemcitabine or a combination with cisplatin. 
ART often starts two weeks after chemotherapy, and some patients are 
treated with a total dose of 54 Gy and1.8 Gy per day, 5 days a week 
[51–53]. [But the results of adjuvant chemoradiotherapy (ACRT) are 
inconsistent and it is unclear whether there is a benefit [37,43,54,55]. 

From the National Cancer Database, PAC patients who underwent 
resection were identified [37]. After PSM, 568 observation patients were 
compared with 568 ACRT patients (group A) and 768 patients who had 
observation, were compared with 768 patients who received ACT (group 
B). In group A, ACRT was associated with improved OS compared with 
that of the observation group (38.1 vs. 31.0 months, p = 0.02). In group 

B, the application of ACT was also associated with improved OS (47.2 vs. 
35.5 months, p < 0.01). In this retrospective study, the use of both ACT 
and ACRT for PACs, was associated with a significantly improved OS. 

Another study analyzed 111 patients who underwent PD, of which 
50 patients (45%) received ACRT [54]. Radiation was delivered using a 
four- or five-field coplanar beam arrangement (80%), 
intensity-modulated radiation therapy (IMRT) (14%), and 3-field (6%). 
The median total radiation dose was 50.4 Gy (range: 38.7–54.0 Gy). The 
median duration of radiotherapy was 41 days (range: 30–64 days), with 
a mean starting at 74 days after surgery (range: 36–145 days). There was 
one planned interruption (14 days) in radiotherapy at 20 Gy for 17 
patients. Concurrent chemotherapy included continuous infusion 5-FU 
(76%), capecitabine (20%), and gemcitabine (4%). Univariate analysis 
showed that curative resections of PACs followed by ACRT does not lead 
to a statistically significant difference in OS when compared with sur-
gery alone (33.4 vs. 36.2 months, p = 0.969). 

Despite the controversial results, the benefits of ACRT are especially 
valuable in patients with high-risk disease such as patients with T3/T4 
tumors and positive nodal involvement [56–59]. 

A total of 563 patients who were curatively resected for PACS were 
retrospectively analyzed [56]. A total of 231 were given CRT with 
maintenance chemotherapy (CRT-CT), 26 with CRT alone, and 215 with 
CT alone. Although there was no significant difference in OS (p = 0.082) 
between the groups for patients with node-negative disease, CRT-CT 
provided improved RFS (p = 0.004) and OS (p = 0.003) compared to 

Abbreviation: R retrospective; RCT randomized controlled trial; P prospective; Gem gemcitabine; 5-FU 5-fluorouracil; CF folinic acid; XELOX capecitabin + oxaliplatin; 
CAPOX capecitabin + oxaliplatin; Ob observation; FP 5-FU+cisplatin; XP capecitabine + cisplatin; GP gemcitabine + cisplatin; IN intestinal; PB pancreatobiliary; AM 
ambiguous; ACT adjuvant chemotherapy; OS overall survival; RFS recurrence-free survival; ORR objective response rate/overall response rate; TTP time to pro-
gression; PFS progression-free survival; AAC ampullary adenocarcinoma; SBA small bowel adenocarcinoma; NR not reached; NS not state. *The value is a percentage 

Table 2 
Characteristics of major adjuvant chemoradiotherapy studies.  

Author Trial 
type 

Year Country N Treatment arms Primary 
endpoint 

Results 
Regimen/Drug Survival 

(Months) 

Nassour  
[37] 

R 2017 USA 4190 1. ACRT (568), Ob (568) 
2. ACT (768), Ob (768) 

Median OS ACRT vs Ob 
ACT vs Ob 

38.1 vs 31.0 (P =
0.02)  
47.2 vs 35.5 (P <
0.01) 

Bolm [43] R 2020 Europe 214 1. AT (75): ACT with Gem (35), ACT with Gem + Oxaliplatin 
(7), ACRT (7), Capecitabine (6), Folfox (5), Unknown (15) 
2. Ob (139) 

Median OS AT vs Ob 
PB/Mixed: AT vs 
Ob 

113 vs 168 (P =
0.608) 
85 vs 65 (P =
0.005)  

Zhou [54] R 2009 USA 111 1. ACRT (50): 5-FU (37), Capecitabine (10), Gem + 50.4 Gy (3) 
2. Ob (61) 

Median OS ACRT vs Ob 
node-positive: 
ACRT vs Ob 

33.4 vs 36.2 (P =
0.969) 
21.6 vs 13.0 (P =
0.092) 

Smeenk  
[55] 

RCT 2007 Europe 218 1. AT (110): ACRT with 5-FU + 40Gy 
2. Ob (108) 

Median OS ACRT vs Ob 1.8 year vs 1.6 
year (P. NS) 

Turan [56] R 2015 Turkey 563 1. CRT-CT (231): Gem (151), 5-FU + Leucovorin (48), FU (30), 
Others (13) 
2. CT (26)  
3. CRT (215): Gem (71), Gem + Cisplatin (70), 5-FU +
Leucovorin (41), Gem + Leucovorin + 5-FU (28), Cisplatin +
5-FU (5) 

Median OS CRT-CT vs CT NS (P = 0.003) 

Kim [57] R 2008 Korea 118 1. ACRT (41): 5-FU (500 mg/m2/day.i.v.) + 40Gy 
2. Ob (77) 

Median OS node-positive: 
ACRT vs Ob 

NS (P = 0.003)  

Kim [58] R 2020 South 
Korea 

651 1. AT (255): ACT with 5-FU/Gem, ACRT with 5-FU/Gem +
50.4Gy 
2. Ob (396) 

5-year OS 
rate 

T1/T2: ACRT vs 
Ob 
T3/T4: ACRT vs 
Ob 
node-positive: 
ACRT vs Ob 

57.6% vs 80.7% 
(P = 0.007) 
62.4% vs 55.2% 
(P = 0.087) 
46.9% vs 26.3% 
(P = 0.12) 

Krishnan  
[59] 

R 2008 USA 96 1. ACRT (54): 5-FU (29)/Capecitabine (24)/Gem (1) + 45 Gy 
(25, preoperative) / 50.4 Gy (29, postoperative) 
2. Ob (42) 

Median OS T3/T4: ACRT vs 
Ob 

35.2 vs 16.5 (P =
0.06) 

Abbreviation: AT adjuvant therapy; ACRT adjuvant chemoradiotherapy; CRT chemoradiotherapy; CT chemotherapy; CRT-CT chemoradiotherapy with maintained 
chemotherapy; Ob observation; Gem gemcitabine; 5-FU 5-fluorouracil; OS overall survival; NS not state; PB pancreatobiliary. 
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that of CT alone in node-positive patients, indicating that the addition of 
radiation to CT has a survival benefit in patients with node-positive 
disease. 

Another study analyzed 118 PAC patients who underwent resection 
[57]. A total of 41 patients received ACRT, and 77 were in the obser-
vation group. Postoperative radiotherapy was delivered to the tumor 
bed and regional lymph nodes, for a total dose of up to 40 Gy delivered 
in 2-Gy fractions for 5 days a week, with a planned 2-week rest period 
after the first 20 Gy. Intravenous 5-FU (500 mg/m2/day) was given on 
the first 3 days of each week of radiotherapy. In subgroup analysis, 
patients with nodal metastasis showed evident improvement in OS (p =
0.0235). 

Similar results were observed in a multicenter retrospective study 
[58]. A total of 396 out of 655 patients underwent surgery alone and 255 
received AT (ACT or ACRT) after surgery. Patients who were treated 
with ACRT received 5-FU-based ACT and radiation with a main dose of 
50.4 Gy. The 5-year OS rate was improved in AT-received patients and 
who had a high-risk of disease such as node-positive (any TN1, any TN2) 
(55.2% vs. 62.4%, p = 0.087) or advanced T stage (T3N0, T4N0) (29.5% 
vs. 33.7%, p = 0.229). 

Neoadjuvant therapy for PACs 

Neoadjuvant therapy is progressively being used in patients who are 
unable to undergo radical surgery and in patients with a high relapse 
rate [31]. However, the role of preoperative CRT for PACs, remains 
undefined [60,61]. 

A study analyzed 61 PAC patients who underwent resection and 
received adjuvant (n = 43) or neoadjuvant (n = 18) CRT [60]. The CRT 
regimen included a concurrent fluoropyrimidine-based treatment 
(91%), a mitomycin concurrent with 5-Fu (3%), and a concurrent Gem 
(6.5%). The median dose of radiation was 50 Gy. After neoadjuvant 
CRT, 12 patients were downstaged on final pathology and 5 had a 
pathologic complete response. A trend toward a 3-year OS rate (62% vs. 
46%, p = 0.074) benefit in patients receiving CRT was identified. 

There was similar research in USA which included 142 PAC patients 
who underwent PD, of which 43 patients (30.3%) underwent preoper-
ative therapy [61]. The preoperative treatment consisted of CRT (65%), 
RT (7%), or both (28%). There was no significant difference in rates of 
loco-regional recurrence (7.0% vs. 9.1%, p > 0.05), median OS (146 vs. 
107 months, p > 0.05) or 5-year OS rates (70.4% vs. 60.6%,p > 0.05). 

Targeted therapy for PACs 

Although research is focused on the study of potential targets, there 
is no clear and effective targeted drug for the treatment of PACs [62,63]. 
Therefore, we summarize the potential use of target therapy in some 
cases. 

Currently, common gene mutations associated with PACs include 
oncogenic mutations of KRAS, BRAF, and HER2 [62], among which 
KRAS is the most common oncogenic mutant in PACs with common 
mutation sites including G12D, G12V, G13D, G12C, G12N, G12S, G12A, 
and G12R [62]. Trastuzumab can be used as a targeted therapy for HER2 
positive mutations, and various studies have demonstrated the presence 
of HER2 amplification or overexpression in 0–23.0% of PAC patients 
[64]. One study showed that insertion mutations in BRCA2 at 
c.156_157ins Alu are found in 12.5% of Portuguese patients with PACs, 
indicating that these patients may benefit from a treatment with the 
PARP inhibitor [62]. 

There are only some reported cases of targeted therapy for PACs, and 
therefore, we discuss some cases with significant targeted therapy ef-
fects. One of the cases is associated with a 55-year-old man with a PB- 
type of PAC, who had metastasis after surgery [64]. The tumor was 
HER2(+), and therefore, he was treated with trastuzumab (318mg), 
cyclophosphamide (750mg), and methotrexate (1.5 gm) for 21 days per 
cycle, and for 11 cycles. Interestingly, all metastatic sites disappeared, 

and the patient achieved a PFS of 6.9 months and an OS of 20.3 months 
[64]. VEGF plays a key role in tumor-associated neo-angiogenesis. A 
study showed that the combination of Bevacizumab with Capecitabine 
and Oxaliplatin has a good impact on metastatic PAC patients with a 
high level of VEGF-A expression. Among 30 patients, there were 7 PAC 
patients, resulting in an ORR of 48.3%, a median PFS of 8.7 months, and 
a median OS of 12.9 months. Moreover, PAC patients with an intestinal 
type have a better response compared to that of the mixed type [65]. 

Immunotherapy for PACs 

Immunotherapy is currently less efficient for the treatment of PACs, 
and there is no clear treatment drug or program. Most of the research is 
still in the laboratory stage and has not been clinically applied. 

Some studies reported a positive response rate of PACs using the PD- 
L1 checkpoint inhibitor. One study found that 59/123 of cases were PD- 
L1 positive, and a higher positive rate was identified in PB-type 
compared to IN-type (39 vs. 20) [66]. Another study found that 7/26 
of cases were PD-L1 positive, but a higher positive rate was observed in 
IN-type (6 vs. 1) [67]. Tumors expressing PD-L1 are associated with 
shorter DFS and OS [66]. The CD8+ T lymphocyte density of IN-type 
tumors is higher than PB-type tumors and is associated with a better 
DFS [66]. In the study of DNA mismatch repair protein deficiency 
(dMMR), the survival rate of PAC patients with dMMR was significantly 
better than that of PAC patients with intact MMR. Compared with 
women, the male MMR protein is more frequently lost [68]. dMMR is 
more common in IN-type and is associated with a significantly pro-
longed OS. In PB-type tumors, dMMR does not affect the prognosis, but 
there is a significant negative interaction with AT [46]. 

Furthermore, some studies have found that some PACs have char-
acteristics of intestinal tumors, such as a high degree of microsatellite 
instability (MSI-H) or dMMR. The Food and Drug Administration (FDA) 
approved the PD-1 antibodies, nivolumab and pembrolizumab, in 2017 
and 2020, respectively, for the treatment of colorectal cancer patients 
with MSI-H or dMMR [69]. Thus, these findings indicate that some PAC 
patients can be candidates for treatments with PD-L1 and CTLA-4 
checkpoint inhibitors [70,71]. A 59-year-old woman with PAC had 
tumor enlargement after chemotherapy and because she was carrying 
MSI-H and a high tumor mutational burden (TMB), she accepted a 
combination treatment with nivolumab (1 mg/kg) and ipilimumab 
(3mg/ kg). After four cycles of treatments, the tumor shrank, and the 
CEA level decreased. Subsequently, the patient underwent pan-
creaticoduodenectomy [70]. 

In addition to PD-L1, a study found that other immunosuppressive 
molecules, such as Gal-9, HVEM, IDO, HLA-G, CD8+, and FoxP3+ tumor 
infiltrating lymphocytes (TIL), are commonly expressed in PACs [72]. 
Besides, there is also research on the detection of PACs’ tumor micro-
environment [73]. One study showed that the infiltration of NK cells and 
NKT cells in malignant tissues is low, and that the infiltration of CD56+
NK cells and NKT cells is related to an extended OS. Therefore, re-
searchers believe that the role of NK cells and NKT cells in PACs are 
worthy of further studies [73]. Another study on the clinical significance 
of dendritic cells (DCs) and tumor-associated macrophages in PAC 
showed that the high density of CD1a + DCs is an independent prog-
nostic factor for decreased OS in PB-type tumors. In IN-type tumors, the 
high-density collagen structure macrophage receptor (MARCO) + DC is 
significantly associated with poor prognosis, and it is only obvious in 
patients receiving ACT, but the association is not obvious in PB-type 
tumors [74]. 

Toxicity 

Recent studies showed that AT is mostly well tolerated and safe as 
most side effects were mild, and no treatment-related deaths were found 
[35,40–42,51,75]. Severe hematologic toxicities (WHO grade 3-4), such 
as neutropenia and thrombocytopenia, were the most common side 
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effects of AT, and grade 1-2 hematologic toxicity was mainly associated 
with anemia. Grade 3 or 4 non-hematologic toxicity was mainly pe-
ripheral neuropathy. Other toxicities, including diarrhea, fatigue, sto-
matitis, anorexia, nausea, vomiting, and hair loss were primarily grade 
1-2 that are easily controlled [35,40–42,51,75]. 

Discussion 

PACs have lower incidence compared with other types of digestive 
system tumors. They also have complicated surrounding structures and 
various tissue origins, which contribute to the low number of studies on 
PACs, various treatment regimens, and distinct results [3,25,32–43, 
54–59]. Based on the diversity of tissue origin, classifying PACs by 
histopathological features and applying specific AT to different PAC 
subtypes are reasonable strategies that lead to remarkable effects [33, 
34,36,39,40,43]. 

Currently, the effect of AT on PACs remains undefined. By consulting 
related literature, the two possible reasons are as follows: (1) Most 
studies did not adopt appropriate chemotherapy regimen based on his-
topathological subtyping; and (2) Chemotherapy regimens and cycles 
are diverse even for the same PAC type [3,25,32,35,38,41,42]. How-
ever, analysis of the following histopathological subtyping demonstrate 
that chemotherapy does effectively prolong postoperative survival time 
of PAC patients [33,34,36,39,40,43]. The currently recognized histo-
pathological typing method is a combination of H&E staining with IHC 
staining to divide PACs into IN-type and PB-type [47]. IN-type patients 
are supposed to have longer DFS and OS, while patients with PB-type are 
more likely to go through abdominal cavity and hepatic metastases [45]. 
Thus, 5-FU-based ACT is recommended for IN-type PAC patients and 
Gemcitabine-based ACT for PB-type patients [33,41]. These tailored 
chemotherapy regimens, that are based on histopathological subtyping, 
lead to prominent effects [33,34,36,39,40,43]. However, our conclu-
sions are expected to be proven by more reliable evidence which will 
depend on additional RCT studies. This therapeutic approach is valuable 
as it could standardize the formulating process of ACT regimen in PAC. 

In our study, we found that ART alone cannot bring survival benefit 
to patients, which may be due to the limited number of studies on ART in 
PAC treatment, the variance of the radiotherapy pattern (internal or 
external radiation), doses, and cycles [48–50]. However, the combina-
tion of chemotherapy with radiotherapy is deemed to improve post-
operative survival of PAC patients with a high-risk disease [37,56–59]. 

As for targeted therapy and immunotherapy, there are few existing 
studies and case reports. The combination of targeted therapy with 
immunotherapy, and targeted or immunotherapy with HAIC, have made 
a breakthrough in hepatocellular carcinoma treatment; however, there 
is no related study that mentioned this effect, which is still unknown in 
PAC [64,65,70,76–78]. Nevertheless, for other types of neoplasms, it 
was recommended to conduct an NGS sequencing and detect PD-L1, 
TMB, MSI, and MMR to forecast the potential use of targeted therapy 
and immunotherapy. Moreover, due to the large number of cases 
showing a high MSI in PAC patients, these latter may benefit from 
immunotherapy [66,68,70,71]. Our team is trying to use of a combi-
nation of immunotherapy with chemotherapy in some suitable (PD-L1 
(+), TMB-high, MSI) PAC patients, and due to the limited number of 
cases, the results are currently unclear. 

The literature search changed our traditional understanding and 
treatment principles for PACs. Firstly, we are supposed to abandon the 
traditional notion that PAC patients have better prognosis than those 
with pancreatic cancer and cholangiocarcinoma. IN-type PACs are likely 
to have better prognosis than the PB-type, but this latter, pancreatic 
cancer, and cholangiocarcinoma, have equal prognoses [33,45]. Sec-
ondly, we need to hold the idea of histopathological subtyping. We are 
not supposed to take it for granted, as occupation in duodenal papilla is 
equivalent to duodenal papillary cancer, and the possibility of PB-type 
PAC should not be excluded. Thirdly, it is suggested to take notice of 
the curative effect of AT, based on subtyping. The classification would 

remove confounding factors and draw a more precise conclusion. 
In the future, we believe that no matter what research is performed, 

PAC should be divided into PB-type and IN-type. A combination of 
targeted/immunotherapy with chemotherapy may be a promising study 
in PAC. There are still many questions that need to be studied in the 
future: (1) Whether neoadjuvant therapy could bring survival benefit? 
(2) Are there changes of surgical resection rate after neoadjuvant ther-
apy? (3) What kind of patients need postoperative AT? (4) Whether 
postoperative AT could bring benefit to PAC patients at an early stage? 
(5) How many radiotherapy and chemotherapy cycles are reasonable? 
(6) How to treat recurrent patients after chemotherapy? (7) Is there a 
difference in survival benefit among patients with different PAC sub-
types, receiving different chemotherapy regimens? (8) Is there a survival 
benefit in MSI-High patients who underwent immunotherapy? These are 
common but undetermined questions in clinics. Research based on his-
topathological subtyping is likely to provide more precise answers. 

Our review still has limitations, which are reflected in the following 
aspects: (1) Most cited papers are retrospective studies and lack RCT 
studies, and therefore, the accuracy of some conclusions needs to be 
further confirmed; (2) Some studies mixed PAC with bile duct cancer, 
small bowel cancer or pancreatic cancer, which may affect the conclu-
sions [35,41,51,62,72,75]; (3) Some of the points that were put forward 
in the study are based on the reading and analysis of the literature, and 
further studies are needed for confirmation. 

Conclusion 

This review suggests the potential survival benefits of AT for patients 
with PACs, especially for patients who are treated with a corresponding 
chemotherapy regimen, based on histopathological types. In addition, 
the benefits of AT appear to be more pronounced in patients with high- 
risk diseases. Further studies are needed to confirm our conclusions, 
which are of great value in standardizing the formulation of AT regimens 
for patients with PACs. 
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