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1. Introduction

Pancreatic cancer (PC) is the fourth-largest cause of 
cancer-related mortality in the USA and exhibits poor 
prognosis and low resection rate among aggressive 
malignancies (1). Although improvements in surgical 
techniques and postoperative management have 
expanded the spectrum of patients eligible for surgical 
resection, only 15-20% of the patients fall within 
resectable pancreatic cancer (RPC) (2). Simultaneously, 
due to exocrine and endocrine pancreatic dysfunction, 
the wasting syndrome of cachexia occurs in > 80% of 
the patients with PC during diagnosis (3,4). In 2021, 
National Comprehensive Cancer Network (NCCN) 
guidelines recommended surgery with adjuvant therapy 
(SFadj) as the first choice and neoadjuvant therapy 
(NAT) only for RPC patients with high-risk factors (5). 
In many high-volume centers worldwide, the mortality 
rate from pancreatectomy is < 2% (6). Adjuvant 
chemotherapy has a survival benefit for RPC (7). 
Strikingly, < 40% of patients undergo pancreatectomy 
because they cannot obtain a chance for scheduled 
treatment (8-11). Regardless of advances in surgical 
technique and adjuvant therapy, 5-year overall survival 
(OS) rates of only 25-50% in patients undergoing SFadj 

was measured due to high systemic recurrence rates 
(12,13).
 In 1992, NAT was first proposed for patients with 
RPC (14). In recent years, NAT has presented several 
advantages in borderline resectable pancreatic cancer 
(BRPC), including early treatment of micrometastases, 
increased likelihood that a high percentage of patients 
with RPC will receive postoperative chemotherapy, 
potentially downsized tumors, and selection of patients 
suitable for surgery (15-20). Notably, the outcomes 
from a study further supported the neoadjuvant 
gemcitabine and oxaliplatin treatment for RPC because 
R0 resection rate is 52% and the OS is 27.2 months 
(21). Typically, an increasing number of retrospective 
studies revealed beneficial effects with NAT (9,22-26). 
However, the first randomized controlled trial (RCT) of 
NAT vs. upfront surgery (US) in RPC explained that the 
data were not statistically significant (27). Moreover, a 
meta-analysis reported that the overall survival between 
the NAT and US groups did not differ significantly (28). 
Several studies revealed that NAT might carry the risk 
of disease progression that was initially resectable to 
unresectable PC (29,30); whether NAT can improve the 
prognosis in RPC is yet unclear.
 Furthermore, whether NAT or US is optimal for 
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The effectiveness of neoadjuvant therapy (NAT) remains controversial in the treatment of 
pancreatic cancer (PC). Therefore, this meta-analysis aimed to investigate the clinical differences 
between NAT and upfront surgery (US) in resectable pancreatic cancer (RPC). Eligible studies 
were retrieved from PubMed, Embase, and Cochrane Library. The endpoints assessed were R0 
resection rate, pathological T stage < 2 rate, positive lymph node rate, and overall survival. A total 
of 4,588 potentially relevant studies were identified, and 13 studies were included in this study. In 
patients with RPC, this meta-analysis showed that NAT presented an increased R0 resection rate, 
pathological T stage < 2 rate, and a remarkably reduced positive lymph node rate compared to 
US. However, patients receiving NAT did not result in a significantly increased overall survival. 
These findings supported the application of NAT, especially as a patient selection strategy, in the 
management of RPC. Additional large clinical studies are needed to determine whether NAT is 
superior to US.
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patients with RPC is still controversial. Accordingly, 
the present study aimed to investigate the differences 
between NAT and US in RPC. The treatment prognosis 
included the R0 resection rate, pathological T stage < 
2, positive lymph nodes rate (8th edition American Joint 
Committee on Cancer), and OS.

2. Materials and Methods

This meta-analysis followed the PRISMA guidelines 
(31).

2.1. Literature search

The literature was reviewed systematically by searching 
PubMed, Embase, and the Cochrane Library for studies 
published before October 2021. The search strategy 
included the following domains of medical subject 
headings (MeSH) terms: "Neoadjuvant", "Resectable", 
and "Pancreatic". These terms were combined with 
"AND". No language and publication time restrictions 
were applied. The search is described in Table S1 (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=85).

2.2. Inclusion and exclusion criteria

Inclusion criteria: 1) Study type: randomized controlled 
trial and retrospective cohort study; 2) Participants: 
patients conformed to the diagnostic criteria of RPC; 
3) Intervention: NAT and US groups; 4) Outcomes: R0 
resection rate, pathological T stage <2 rate, positive 
lymph nodes rate or OS; 5) Language: published 
in English language. Exclusion criteria: 1) repeated 
publications; 2) review articles, letters, case reports, and 
animal studies; 3) unable to obtain full-text outcome; 
4) no R0 resection rate, pathological T stage < 2 rate, 
positive lymph nodes rate, or OS; 5) unable to extract 
data from the literature; 6) patients conform to the 
diagnostic criteria of BRPC or unresectable PC.

2.3. Data extraction and quality assessment

Two researchers (Yuhua Zhang and Youyao Xu) 
screened the titles and abstracts for eligibility and then 
screened the full-text independently. A third researcher 
(Yizhen Chen) extracted relevant data after further 
review. Any disagreement was resolved by discussion, 
and a consensus was achieved between the researchers. 
The following data were extracted from each study: R0 
resection rate, pathological T stage < 2 rate, positive 
lymph nodes rate, and OS. The hazard ratio (HR) and 
the 95% confidence interval (CI) were extracted directly 
from each study. When the HR and the 95% CI were 
not reported, they were obtained from the Kaplan-
Meier survival curves using the Engauge Digitizer 11.1 
software (Markmitch, Boston, MA, USA).

 All studies used the Newcastle-Ottawa scale (NOS) 
for quality assessment. The NOS assigns a score of 0-9, 
with points assigned based on selection, comparability, 
and exposure. In this meta-analysis, we noted that a score 
> 6 was defined as acceptable. 

2.4. Statistical analysis

The data were extracted and input into an Excel 
spreadsheet. The statistical analyses were performed 
using RevMan software (version 5.3, Nordic Cochrane 
Center, Copenhagen, Denmark). The heterogeneity of the 
studies was assessed using the chi-square-based Q-test 
and I2 statistics test. Statistically, significant heterogeneity 
was considered if P was < 0.1 or the I2 statistic was > 
50%. Estimates were summarized applying fixed-effects 
or random-effects models according to the heterogeneity. 
Sources of heterogeneity were investigated via sensitivity 
analysis. A funnel plot was drawn to assess publication 
bias.

3. Results

3.1. Study characteristics

A total of 4,588 potentially relevant studies were 
identified, among which 2,432 were excluded as 
irrelevant after screening the titles and abstracts. 
Subsequently, 132 studies were included for full-text 
screening, and 13 studies were included in the final data 
synthesis (Figure. 1). 
 The demographics of the included studies are 
summarized in Table. 1. In this study, 2 RCTs and 11 
retrospective cohort studies (RCSs) were included. 
These 13 studies (8-10,25,27,32-39) encompassed a 
total of 10,060 patients, among which 2,587 (26%) 
were assigned to NAT and 7,473 (74%) received US. 
Of these, 5 studies were conducted in Europe, 4 in 
the USA, 3 in Asia and 1 in Australia. Table 2 and 
Table 3 summarize the characteristics of patients who 
underwent NAT and US, respectively. However, the 
commonly used NAT regimens included 5-fluorouracil 
(5 studies, N = 311) and gemcitabine (8 studies, N = 
446). Based on the methodology, a NOS score of ≥ 
6 was defined as acceptable. All the included studies 
scored > 6. A full description of the score of NOS is 
available in Table S2 (http://www.biosciencetrends.com/
action/getSupplementalData.php?ID=85).

3.1.1. R0 resection difference between the NAT and US 
groups

A meta-analysis of 10 studies was conducted using a 
random-effects model; the NAT and US groups included 
2,501 and 7,009 patients, respectively. The data showed 
that NAT presented an increased R0 resection rate 
for RPC (OR = 1.59, 95% CI = 1.41-1.80). A slight 
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which was divided into intention-to-treat (ITT) analysis 
and per-protocol (PP) studies. As a result, studies with 
ITT analysis did not show any heterogeneity using a 

heterogeneity was observed in 10 studies (Chi2 = 17.31, 
p = 0.04, I2 = 48%) (Figure. 2A). Therefore, subgroup 
analysis evaluated the impact of the analytical method, 

Figure 1. Flowchart of the evidence search and study selection process.

Table 1. Demographics of included studies

First author 
(Ref.)

Fujii (35)
Casadei (33)
Tzeng (32)
Motoi (10)
Papalezova (34)
Golcher (27)
Mokdad (9)
Vento (8)
Artinyan (25)
Barbier (37)
Moutardier (36)
Tajima (38)
Maloney (39)

Country

Japan
Italy
USA
Japan
USA
Germany
USA
Finland
USA
France
France
Japan
Australia

RCS, retrospective cohort study; RCT, randomized controlled trial.

Study 
period

2001-2013
2003-2009
2002-2007
2007-2009
1999-2007
1999-2003
2006-2012
1999-2002
1987-2006
1997-2006
1997-2002
2006-2009
 2013-2019

Publication
year

2017
2015
2014
2014
2012
2015
2017
2007
2011
2011
2004
2011
2021

Study 
design

RCS
RCT
RCS
RCS
RCS
RCT
RCS
RCS
RCS
RCS
RCS
RCS
RCS

Tumor

RPC
RPC
RPC
RPC
RPC
RPC
RPC
RPC
RPC
RPC
RPC
RPC
RPC

Male 
(%)

NA
57.9 
54.5 
55.0 
53.5 
53.0 
52.0 
53.2 
46.9 
NA
58.9 
61.8 
42.1 

Patients 
    (n)

273
38

167
582
236
66

8,020
47

458
173
56
34

126

R0 criteria
(mm)

> 1
> 1
NA
NA
NA
NA
NA
NA
NA
> 1
NA
NA
> 1

Quality 
score

7
7
7
7
7
8
7
7
7
7
7
7
7
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Figure 2. Forest plots of NAT vs. US A, R0 resection rate; B, Subgroup analysis based on the analytic method of R0 resection rate (ITT or PP 
analysis); C, OS; D, pathological T; E, positive lymph nodes.

Table 2. Characteristics of NAT included studies

First author 
(Ref.)

Fujii (35)

Casadei (33)
Tzeng (32)
Motoi (10)
Papalezova (34)
Golcher (27)
Mokdad (9)
Vento (8)
Artinyan (25)
Barbier (37)
Moutardier (36)
Tajima (38)
Maloney (39)

No. of 
patients

40

18
115
185
144
33

2,005
22
39
88
39
13
40

5-FU, 5-fluorouracil; Cis, cisplatin; Gem, gemcitabine; S-1, s-1; Meiji Combination Capsules, T20/25; Nab, Nab-Paclitaxel; RT, radiation 
therapy; NA, not available.

Regimen

5-FU+oteracil and 
gimeracil+RT (45 Gy) + S-1
Gem+Gem with RT (45 Gy)
Gem+Cis+RT (45 Gy)
Gem+S-1+RT (35.2–54 Gy)
5-FU+RT (30–50.4 Gy)
Gem+Cis+RT (55.8 Gy)
NA
Gem+RT (50.4 Gy)
5-FU+RT
5-FU+Cis+RT (45 Gy)
5-FU+Cis+RT (30/45 Gy)
Gem+S-1
Gem/Gem+Cap/Gem+Nab/
FOLFIRINOX

Median age
 (years)

      65

      71.5
      65.5
      68
      64
      62.5
      64
      65
      61.7
      65
      65
      62.6
      71

Median OS 
(months)

24.9

NA
28
NA
20
25
26

30.2
34
17

13.7
NA
21

Resection
rate ITT (%)

90

61.1
82.6
92.4
52.8
57.6
100
59.1
NA
43

58.9
NA
95

patients with positive
lymph nodes (%)

39

55
51.6
30.6
25
32
48
32
45
29
13

76.9
NA

R0 rate 
(%)

86

64
89.4
95.9
78
90

83.2
NA
NA
74
NA
84.6
63.2

Pathological T
stage < 2 (%)

NA

55.6
23.2
25.3
NA
21.1
27.4
NA
NA
NA
NA
NA
NA

Table 3. Characteristics of US included studies

First author 
(Ref.)

Fujii (35)
Casadei (33)
Tzeng (32)
Motoi (10)
Papalezova (34)
Golcher (27)
Mokdad (9)
Vento (8)
Artinyan (25)
Barbier (37)
Moutardier (36)
Tajima (38)
Maloney (39)

No. of 
patients

233
20
52

397
92
33

6,015
25

419
85
17
21
86

NA, not available.

Resection 
rate ITT (%)

88
75
92.3
94.5
74
70
100
100
NA
79
100
NA
98.8

Median age
 (years)

     67
     67.5
     61.9
     68
     65
     65.1
     65
     63
     61.8
     64
     65
     66
     69

Median OS 
(months)

23.5
NA
25.3
NA
17

18.9
23

35.9
19
15

26.6
NA
24

Resection
rate ITT (%)

90
61.1
82.6
92.4
52.8
57.6
100
59.1
NA
43

58.9
NA
95

patients with positive 
lymph nodes (%)

71
87
81

55.2
62
57
74
44
65
64
65

54.1
NA

R0 rate 
(%)

70
33

81.2
81.3
79
70

77.9
NA
NA
67
NA
85.7
57.6

Pathological T
stage < 2 (%)

NA
0

6.3
18.4
NA
8.7
14.3
NA
NA
NA
NA
NA
NA
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fixed-effects model (Chi2 = 0.11, p = 0.74, I2 = 0%) 
(Figure. 2B).

3.1.2. OS difference between NAT and US groups

A meta-analysis of 11 studies was conducted using a 
fixed-effects model; the NAT and US groups included 
2,578 and 7,078 patients, respectively. The data 
showed that patients receiving NAT did not result in a 
significantly increased OS for RPC (HR = 0.74, 95% 
CI = 0.70-0.78) (Figure. 2C). 

3.1.3. Pathological T difference between NAT and US 
groups

A meta-analysis of 5 studies was conducted using 
a random-effects model; the NAT and US groups 
included 2,307 and 6,481 patients, respectively. A slight 
heterogeneity was detected in 5 studies (Chi2 = 8.87, 
p = 0.06, I2 = 55%). Furthermore, sensitivity analysis 
demonstrated that the study by Casadei et al. had a 
profound influence on heterogeneity. The heterogeneity 
decreased after removing this study (Chi2 = 4.52, p = 
0.21, I2 = 34%). The data revealed that NAT presented 
an increased pathological T < 2 rate for RPC using a 
fixed-effects model (OR = 2.22, 95% CI = 1.97-2.49) 
(Figure. 2D).

3.1.4. Positive lymph nodes between NAT and US 
groups

A meta-analysis of 11 studies was conducted using 
a fixed-effects model on NAT and the US groups, 
including 2,508 and 6,968 patients, respectively (OR 
= 0.35, 95% CI = 0.32-0.39). No heterogeneity was 
detected in 11 studies (Chi2 = 15.21, p = 0.12, I2 = 
34%). The data demonstrated that the NAT group had 
a distinctly reduced rate compared to the US group in 
positive lymph nodes for RPC (Figure. 2E). 

3.2. Publication bias

A funnel plot was constructed, which showed that the 
risk of publication bias was low between R0 resection 
rate, OS, pathological T stage, and positive lymph 
nodes (Figure. 3). 

4. Discussion

Presently, the standard treatment for RPC is SFadj. 
Surgical resection is the only potentially curative 
treatment for managing PC. First, NAT requires a 
cytological or histological diagnosis (40). However, 
the diagnostic sensitivity of endoscopic ultrasound-
guided fine-needle aspiration (EUS-FNA) in patients 
with suspected PC is approximately 11% (41). A study 
of 583 patients with histopathologically confirmed 

PC demonstrated that the major pathological response 
was detected in 77 (13.2%) patients encompassing 
only 23 (3.9%) patients with a complete pathological 
response (histopathologically, < 5% viable cancer cells 
were noted in the surgical specimen) (42). Typically, 
surgery can avoid the treatment delay caused by 
negative biopsy and the progress of NAT. Second, 
postoperative adjuvant therapy can achieve positive 
results with respect to survival time (12,13,43-47). 
Therefore, although SFadj is the recommended option, 
recurrences are both locally and systemically common 
after the therapy, and 5-year OS is rare (48). Moreover, 
during surgery, estimation of the negative lateral margin 
involving vessels for the surgeon is difficult (49), which 
might increase postoperative complications.
 Recently, comprehensive treatment for NAT has 
gradually attracted widespread attention. Many studies 
showed that NAT improved R0 resection rate and OS 
(9,30,40,50,51). Several reasons could be ascribed to the 
preference of NAT in RPC. First, distant metastases arose 
before treatment. The probability of micrometastasis 
was 28%, 73%, and 94% for tumors with a primary 
lesion size of 1 cm, 2 cm, and 3 cm, respectively (52). 
NAT increases the proportion of patients receiving 
systematic treatment because this method may allow 
time for postoperative chemotherapy (30). Second, NAT 
might improve the prognosis because the technique has a 
regional downstaging effect. It also can reduce tumor cell 
viability, making it less likely to spread during surgery 
(30,40,53). Third, patients treated with NAT usually 
completed multimodality therapy and were affected less 
severely by occurrence of pancreas fistula after resection 
than patients treated with US. This phenomenon could be 
related to pancreatic fibrosis (54,55). NAT could improve 
the intensity of systemic treatment, usually delayed for 
2-3 months if surgery is conducted first. Some patients 
fail to receive adjuvant treatment due to various reasons 
(8-11). Typically, patients have a better tolerance for 
preoperative than postoperative systemic therapy. 
The improvement in tolerance ensured completion of 

Figure 3. Funnel plot for outcomes; A, R0 resection rate; B, OS; C, 
pathological T; D, positive lymph node.
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treatment. In 2015, the results of multicenter RCTs 
indicated that NAT was feasible, safe, and efficacious 
in approximately 77.8% of the patients with RPC 
(33). At present, Prep-02/JSAP-05 study is underway 
to help solve this question. A RCT comparing US vs. 
NAT using gemcitabine + S-1, including 364 patients 
showed an advantage for OS in patients with NAT 
(36.7 months vs 26.6 months, HR 0.72, p = 0.015) 
(56). However, NAT also has some limitations. First, 
NAT might transform the tumors that can achieve R0 
resection into those that cannot achieve resection and 
also show distant metastasis. Second, NAT affects the 
patient’s general condition and reduces tolerance to 
surgery. This method might decrease resectability due 
to tumor progression during the preoperative treatment. 
Third, the operative time and intraoperative blood loss 
volume were significantly increased in NAT, indicating 
technical difficulty for the surgeon (10,35). 
 For patients with RPC, the biggest obstacle is the 
type of treatment regimens to adopt. Surgery has been 
applied to treat RPC for > 100 years, but no significant 
improvement has been observed in survival time. 
In recent years, the promotion of treatment at high-
volume pancreatic medical centers and popularization 
of artery-first approaches have improved the R0 
resection rate. However, advances in the prognosis of 
RPC by improving surgical treatment were limited. 
As a result, the clinical research direction of RPC has 
gradually shifted from improving surgical techniques 
to the selection of treatment strategies, and the clinical 
treatment model has gradually shifted from surgery-first 
to multiple disciplinary treatments (MDT). Indubitably, 
NAT is the focus of research during this transition, 
which is embodied in the strategic selection of "US 
or NAT for RPC." In the absence of clear guidelines, 
three indicators are used for evaluation (57). First, the 
tumor size and degree of vascular invasion. Second, the 
patient’s general condition and nutritional status were 
assessed to determine their tolerance for surgery. Third, 
tumor biological condition. The common detection 
indicators include Computed Tomography (CT), 
Magnetic Resonance Imaging (MRI), carbohydrate 
antigen 19-9 (CA19-9), and miRNA. CA19-9 has been 
utilized for diagnosis, prognosis, and monitoring for 
recurrence, and the response should be considered when 
distinguishing treatment regimens for an individual 
patient (58). In addition, we can decide to continue or 
change chemotherapy regimens. Strikingly, the level 
of CA19-9 was not assessed. Thus, how to obtain the 
CA19-9 cut-off to distinguish treatment regimens needs 
to be investigated in future studies. 
 The present meta-analysis clarified the difference 
between NAT and US for RPC. The data from 13 
included studies involving 10,060 patients provided 
an accurate conclusion than a single study. The R0 
resection rate is a known prognostic indicator for 
patients with RPC. To date, the NAT group is found 

to be superior to the US group in the aspect of R0 
resection rate with respect to the hypothesis mentioned 
above. However, the definitions of R0 can vary among 
included studies, which could interfere with the final 
reported outcomes. These findings proposed that NAT 
can achieve locoregional control of RPC by increasing 
the R0 resection rate. In terms of pathological T stage < 2, 
we found that the NAT group was marginally superior to 
the US group; indeed, the NAT group had an obviously 
reduced positive lymph node rate compared to the US 
group. The pathological data indicated that NAT was 
more frequently observed in pT1-2 and N0 categories 
than in the US group. Therefore, NAT has a satisfactory 
regional downstaging effect and reduced lymph node 
involvement. However, patients receiving NAT did not 
show a significantly increased OS. The survival time 
is one of the most important prognostic indicators for 
patients with RPC, which is influenced by many factors. 
These results differed between patients with BRPC and 
local advanced pancreatic cancer (LAPC), which could 
be attributed to varied tissue and cell characteristics. 
In addition, this meta-analysis included literature 
spanning a prolonged period, with advances in surgical 
techniques, imaging techniques, specimen staining, and 
standardization of histopathological reports that affect 
the criteria for resectability (37). Another explanation 
for this result might be the variation in NAT regimens 
during studies. 
 Nevertheless, our meta-analysis has some limitations. 
First, most of the included studies were retrospective 
in design, which led to unmeasured confounding. 
Moreover, the number of included studies and the 
sample size was small. Second, multiple neoadjuvant 
regimens were included in this meta-analysis. However, 
subgroup analyses were not applicable for the different 
regimens because of the complexity of specific treatment 
strategies. Third, patients receiving NAT represent only 
those who tolerated treatment and underwent resection. 
However, we could not identify all patients who received 
NAT and intended to be resected later but did not proceed 
with resection. Fourth, this study extracted the HR and 
95% CI from one of the included studies utilizing the 
Engauge Digitizer, which may have caused a bias. Fifth, 
the quality of the included studies needs to be assessed 
using the Cochrane collaboration’s risk of bias tool for 
RCTs.

5. Conclusions

This meta-analysis represented a comprehensive review 
regarding the difference between NAT and US. Overall, 
it revealed a significant advantage in R0 resection rate, 
pathological T stage < 2 rate, and positive lymph node 
rates. Based on the above results, US was recommended 
for patients who have a high possibility of R0 resection. 
Tumor progression during NAT was prevented, which 
lead to the loss of the chance of radical resection. On 
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the other hand, it was worth trying to administer NAT 
to patients with a lower chance of radical resection. 
In summary, large trials should be conducted to 
elucidate the NAT approach for RPC and draw accurate 
conclusions.

Funding: This study did not receive any specific grant 
from the funding agencies in the public, commercial, or 
not-for-profit sectors.

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

Ethics: This study was formally approved by a relevant 
ethics committee.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. 
CA Cancer J Clin. 2019; 69:7-34.

2. Khorana AA, Mangu PB, Berlin J, Engebretson A, 
Hong TS, Maitra A, Mohile SG, Mumber M, Schulick 
R, Shapiro M, Urba S, Zeh HJ, Katz MH. Potentially 
Curable Pancreatic Cancer: American Society of Clinical 
Oncology Clinical Practice Guideline. J Clin Oncol. 2016; 
34:2541-2556.

3. Laviano A, Meguid MM, Inui A, Muscaritoli M, Rossi-
Fanelli F. Therapy insight: Cancer anorexia-cachexia 
syndrome -- when all you can eat is yourself. Nat Clin 
Pract Oncol. 2005; 2:158-165.

4. Danai LV, Babic A, Rosenthal MH, et al. Altered exocrine 
function can drive adipose wasting in early pancreatic 
cancer. Nature. 2018; 558:600-604.

5. Jang JK, Byun JH, Kang JH, Son JH, Kim JH, Lee SS, 
Kim HJ, Yoo C, Kim KP, Hong SM, Seo DW, Kim SC, 
Lee MG. CT-determined resectability of borderline 
resectable and unresectable pancreatic adenocarcinoma 
following FOLFIRINOX therapy. Eur Radiol. 2021; 
31:813-823.

6. Pugalenthi A, Protic M, Gonen M, Kingham TP, 
Angelica MI, Dematteo RP, Fong Y, Jarnagin WR, Allen 
PJ. Postoperative complications and overall survival 
after pancreaticoduodenectomy for pancreatic ductal 
adenocarcinoma. J Surg Oncol. 2016; 113:188-193.

7. Neoptolemos JP, Stocken DD, Friess H, et al . A 
randomized trial of chemoradiotherapy and chemotherapy 
after resection of pancreatic cancer. N Engl J Med. 2004; 
350:1200-1210.

8. Vento P, Mustonen H, Joensuu T, Karkkainen P, Kivilaakso 
E, Kiviluoto T. Impact of preoperative chemoradiotherapy 
on survival in patients with resectable pancreatic cancer. 
World J Gastroenterol. 2007; 13:2945-2951.

9. Mokdad AA, Minter RM, Zhu H, Augustine MM, 
Porembka MR, Wang SC, Yopp AC, Mansour JC, Choti 
MA, Polanco PM. Neoadjuvant Therapy Followed by 
Resection Versus Upfront Resection for Resectable 
Pancreatic Cancer: A Propensity Score Matched Analysis. 
J Clin Oncol. 2017; 35:515-522.

10. Motoi F, Unno M, Takahashi H, et al. Influence of 
preoperative anti-cancer therapy on resectability and 
perioperative outcomes in patients with pancreatic cancer: 
project study by the Japanese Society of Hepato-Biliary-
Pancreatic Surgery. J Hepatobiliary Pancreat Sci. 2014; 

21:148-158.
11. Bilimoria KY, Bentrem DJ, Ko CY, Tomlinson JS, Stewart 

AK, Winchester DP, Talamonti MS. Multimodality 
therapy for pancreatic cancer in the U.S. : utilization, 
outcomes, and the effect of hospital volume. Cancer. 2007; 
110:1227-1234.

12. Conroy T, Hammel P, Hebbar M, et al. FOLFIRINOX or 
Gemcitabine as Adjuvant Therapy for Pancreatic Cancer. 
N Engl J Med. 2018; 379:2395-2406.

13. Neoptolemos JP, Stocken DD, Friess H, et al . A 
randomized trial of chemoradiotherapy and chemotherapy 
after resection of pancreatic cancer. N Engl J Med. 2004; 
350:1200-1210.

14. E v a n s D B , R i c h TA , B y r d D R , C l e a r y K R , 
Connelly JH, Levin B, Charnsangavej C, Fenoglio 
CJ, Ames FC. Preoperative chemoradiation and 
pancreaticoduodenectomy for adenocarcinoma of the 
pancreas. Arch Surg. 1992; 127:1335-1339.

15. Katz MH, Pisters PW, Evans DB, Sun CC, Lee JE, 
Fleming JB, Vauthey JN, Abdalla EK, Crane CH, Wolff 
RA, Varadhachary GR, Hwang RF. Borderline resectable 
pancreatic cancer: the importance of this emerging stage 
of disease. J Am Coll Surg. 2008; 206:833-846; discussion 
846-838.

16. Sutton JM, Abbott DE. Neoadjuvant therapy for pancreas 
cancer: past lessons and future therapies. World J 
Gastroenterol. 2014; 20:15564-15579.

17. Nagakawa Y, Sahara Y, Hosokawa Y, et al. Clinical Impact 
of Neoadjuvant Chemotherapy and Chemoradiotherapy in 
Borderline Resectable Pancreatic Cancer: Analysis of 884 
Patients at Facilities Specializing in Pancreatic Surgery. 
Ann Surg Oncol. 2019; 26:1629-1636.

18. Rose JB, Rocha FG, Alseidi A, Biehl T, Moonka R, Ryan 
JA, Lin B, Picozzi V, Helton S. Extended neoadjuvant 
chemotherapy for borderline resectable pancreatic cancer 
demonstrates promising postoperative outcomes and 
survival. Ann Surg Oncol. 2014; 21:1530-1537.

19. Jang JY, Han Y, Lee H, et al. Oncological Benefits of 
Neoadjuvant Chemoradiation With Gemcitabine Versus 
Upfront Surgery in Patients With Borderline Resectable 
Pancreatic Cancer: A Prospective, Randomized, Open-
label, Multicenter Phase 2/3 Trial. Ann Surg. 2018; 
268:215-222.

20. Murphy JE, Wo JY, Ryan DP, et al. Total Neoadjuvant 
Therapy With FOLFIRINOX Followed by Individualized 
Chemoradiotherapy for Borderline Resectable Pancreatic 
Adenocarcinoma: A Phase 2 Clinical Trial. JAMA Oncol. 
2018; 4:963-969.

21. O'Reilly EM, Perelshteyn A, Jarnagin WR, et al. A 
single-arm, nonrandomized phase II trial of neoadjuvant 
gemcitabine and oxaliplatin in patients with resectable 
pancreas adenocarcinoma. Ann Surg. 2014; 260:142-148.

22. Eguchi H, Takeda Y, Takahashi H, Nakahira S, 
Kashiwazaki M, Shimizu J, Sakai D, Isohashi F, Nagano H, 
Mori M, Doki Y. A Prospective, Open-Label, Multicenter 
Phase 2 Trial of Neoadjuvant Therapy Using Full-Dose 
Gemcitabine and S-1 Concurrent with Radiation for 
Resectable Pancreatic Ductal Adenocarcinoma. Ann Surg 
Oncol. 2019; 26:4498-4505.

23. Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer. 
Lancet. 2004; 363:1049-1057.

24. Kim EJ, Ben-Josef E, Herman JM, et al. A multi-
institutional phase 2 study of neoadjuvant gemcitabine 
and oxaliplatin with radiation therapy in patients with 
pancreatic cancer. Cancer. 2013; 119:2692-2700.



www.biosciencetrends.com

BioScience Trends. 2021; 15(6):365-373.BioScience Trends. 2021; 15(6):365-373. 372

25. Artinyan A, Anaya DA, McKenzie S, Ellenhorn JD, Kim J. 
Neoadjuvant therapy is associated with improved survival 
in resectable pancreatic adenocarcinoma. Cancer. 2011; 
117:2044-2049.

26. Versteijne E, Vogel JA, Besselink MG, Busch ORC, 
Wilmink JW, Daams JG, van Eijck CHJ, Groot Koerkamp 
B, Rasch CRN, van Tienhoven G. Meta-analysis 
comparing upfront surgery with neoadjuvant treatment in 
patients with resectable or borderline resectable pancreatic 
cancer. Br J Surg. 2018; 105:946-958.

27. Golcher H, Brunner TB, Witzigmann H, Marti L, 
Bechstein WO, Bruns C, Jungnickel H, Schreiber 
S, Grabenbauer GG, Meyer T, Merkel S, Fietkau R, 
Hohenberger W. Neoadjuvant chemoradiation therapy 
with gemcitabine/cisplatin and surgery versus immediate 
surgery in resectable pancreatic cancer: results of the first 
prospective randomized phase II trial. Strahlenther Onkol. 
2015; 191:7-16.

28. Ren X, Wei X, Ding Y, Qi F, Zhang Y, Hu X, Qin C, Li X. 
Comparison of neoadjuvant therapy and upfront surgery 
in resectable pancreatic cancer: a meta-analysis and 
systematic review. Onco Targets Ther. 2019; 12:733-744.

29. Asare EA, Evans DB, Erickson BA, Aburajab M, Tolat P, 
Tsai S. Neoadjuvant treatment sequencing adds value to 
the care of patients with operable pancreatic cancer. J Surg 
Oncol. 2016; 114:291-295.

30. Lee JC, Ahn S, Paik KH, Kim HW, Kang J, Kim J, Hwang 
JH. Clinical impact of neoadjuvant treatment in resectable 
pancreatic cancer: a systematic review and meta-analysis 
protocol. BMJ open. 2016; 6:e010491.

31. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred 
reporting items for systematic reviews and meta-analyses: 
the PRISMA statement. PLoS Med. 2009; 6:e1000097.

32. Tzeng CW, Tran Cao HS, Lee JE, et al. Treatment 
sequencing for resectable pancreatic cancer: influence 
of early metastases and surgical complications on 
multimodality therapy completion and survival. J 
Gastrointest Surg. 2014; 18:16-24; discussion 24-15.

33. Casadei R, Di Marco M, Ricci C, Santini D, Serra C, 
Calculli L, D'Ambra M, Guido A, Morselli-Labate AM, 
Minni F. Neoadjuvant Chemoradiotherapy and Surgery 
Versus Surgery Alone in Resectable Pancreatic Cancer: A 
Single-Center Prospective, Randomized, Controlled Trial 
Which Failed to Achieve Accrual Targets. J Gastrointest 
Surg. 2015; 19:1802-1812.

34. Papalezova KT, Tyler DS, Blazer DG, 3rd, Clary BM, 
Czito BG, Hurwitz HI, Uronis HE, Pappas TN, Willett 
CG, White RR. Does preoperative therapy optimize 
outcomes in patients with resectable pancreatic cancer? J 
Surg Oncol. 2012; 106:111-118.

35. Fujii T, Satoi S, Yamada S, Murotani K, Yanagimoto H, 
Takami H, Yamamoto T, Kanda M, Yamaki S, Hirooka 
S, Kon M, Kodera Y. Clinical benefits of neoadjuvant 
chemoradiotherapy for adenocarcinoma of the pancreatic 
head: an observational study using inverse probability of 
treatment weighting. J Gastroenterol. 2017; 52:81-93.

36. Moutardier V, Turrini O, Huiart L, et al. A reappraisal 
of preoperative chemoradiation for localized pancreatic 
head ductal adenocarcinoma in a 5-year single-institution 
experience. J Gastrointest Surg. 2004; 8:502-510.

37. Barbier L, Turrini O, Gregoire E, Viret F, Le Treut YP, 
Delpero JR. Pancreatic head resectable adenocarcinoma: 
preoperative chemoradiation improves local control but 
does not affect survival. HPB (Oxford). 2011; 13:64-69.

38. Tajima H, Ohta T, Kitagawa H, et al. Pilot study of 

neoadjuvant chemotherapy with gemcitabine and oral S-1 
for resectable pancreatic cancer. Exp Ther Med. 2012; 
3:787-792.

39. Maloney S, Itchins M, Arena J, Sahni S, Howell VM, 
Hayes SA, Gill AJ, Clarke SJ, Samra J, Mittal A, Pavlakis 
N. Optimal Upfront Treatment in Surgically Resectable 
Pancreatic Cancer Candidates: A High-Volume Center 
Retrospective Analysis. J Clin Med. 2021; 10.

40. Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic 
Adenocarcinoma, Version 2.2017, NCCN Clinical Practice 
Guidelines in Oncology. J Natl Compr Canc Netw. 2017; 
15:1028-1061.

41. Mitchell RA, Stanger D, Shuster C, Telford J, Lam E, 
Enns R. Repeat Endoscopic Ultrasound-Guided Fine-
Needle Aspiration in Patients with Suspected Pancreatic 
Cancer: Diagnostic Yield and Associated Change in 
Access to Appropriate Care. Can J Gastroenterol Hepatol. 
2016; 2016:7678403.

42. Cloyd JM, Wang H, Egger ME, et al. Association of 
Clinical Factors With a Major Pathologic Response 
Following Preoperative Therapy for Pancreatic Ductal 
Adenocarcinoma. JAMA Surg. 2017; 152:1048-1056.

43. Neoptolemos JP, Stocken DD, Friess H, et al . A 
randomized trial of chemoradiotherapy and chemotherapy 
after resection of pancreatic cancer. N Engl J Med. 2004; 
350:1200-1210.

44. Perri G, Prakash L, Qiao W, et al. Response and Survival 
Associated With First-line FOLFIRINOX vs Gemcitabine 
and nab-Paclitaxel Chemotherapy for Localized Pancreatic 
Ductal Adenocarcinoma. JAMA Surg. 2020; 155:832-839.

45. Yang S, Wang X, Contino G, et al. Pancreatic cancers 
require autophagy for tumor growth. Genes Dev. 2011; 
25:717-729.

46. Oettle H, Neuhaus P, Hochhaus A, Hartmann JT, Gellert 
K, Ridwelski K, Niedergethmann M, Zülke C, Fahlke 
J, Arning MB, Sinn M, Hinke A, Riess H. Adjuvant 
chemotherapy with gemcitabine and long-term outcomes 
among patients with resected pancreatic cancer: the 
CONKO-001 randomized trial. JAMA. 2013; 310:1473-
1481.

47. Neopto lemos JP, Pa lmer DH, Ghaneh P, e t a l . 
Comparison of adjuvant gemcitabine and capecitabine 
with gemcitabine monotherapy in patients with resected 
pancreatic cancer (ESPAC-4): a multicentre, open-label, 
randomised, phase 3 trial. Lancet. 2017; 389:1011-1024.

48. Fischer R, Breidert M, Keck T, Makowiec F, Lohrmann 
C, Harder J. Early recurrence of pancreatic cancer after 
resection and during adjuvant chemotherapy. Saudi J 
Gastroenterol. 2012; 18:118-121.

49. Bradley A, Van Der Meer R. Upfront Surgery versus 
Neoadjuvant Therapy for Resectable Pancreatic Cancer: 
Systematic Review and Bayesian Network Meta-analysis. 
Sci Rep. 2019; 9:4354.

50. Fujii T, Yamada S, Murotani K, Kanda M, Sugimoto H, 
Nakao A, Kodera Y. Inverse Probability of Treatment 
Weight ing Analysis of Upfront Surgery Versus 
Neoadjuvant Chemoradiotherapy Followed by Surgery 
for Pancreatic Adenocarcinoma with Arterial Abutment. 
Medicine (Baltimore). 2015; 94:e1647.

51. Hoffe S, Rao N, Shridhar R. Neoadjuvant vs adjuvant 
therapy for resectable pancreatic cancer: the evolving role 
of radiation. Semin Radiat Oncol. 2014; 24:113-125.

52. Haeno H, Gonen M, Davis MB, Herman JM, Iacobuzio-
Donahue CA, Michor F. Computational modeling of 
pancreatic cancer reveals kinetics of metastasis suggesting 



www.biosciencetrends.com

BioScience Trends. 2021; 15(6):365-373.BioScience Trends. 2021; 15(6):365-373.

optimum treatment strategies. Cell. 2012; 148:362-375.
53. Asare EA, Evans DB, Erickson BA, Aburajab M, Tolat P, 

Tsai S. Neoadjuvant treatment sequencing adds value to 
the care of patients with operable pancreatic cancer. J Surg 
Oncol. 2016; 114:291-295.

54. Ishikawa O, Ohigashi H, Imaoka S, Teshima T, Inoue T, 
Sasaki Y, Iwanaga T, Nakaizumi A. Concomitant benefit 
of preoperative irradiation in preventing pancreas fistula 
formation after pancreatoduodenectomy. Arch Surg. 1991; 
126:885-889.

55. Matsuda Y, Inoue Y, Hiratsuka M, Kawakatsu S, Arai T, 
Matsueda K, Saiura A, Takazawa Y. Encapsulating fibrosis 
following neoadjuvant chemotherapy is correlated with 
outcomes in patients with pancreatic cancer. PloS one. 
2019; 14:e0222155.

56. American Society Of Clinical Oncology. The effect of 
neoadjuvant chemotherapy with gemcitabine and S-1 for 
resectable pancreatic cancer (randomized phase II/III trial; 
Prep-02/JSAP-05). https://meetings.asco.org/abstracts-
presentations/177705 (accessed October 26, 2021).

57. Heestand GM, Murphy JD, Lowy AM. Approach to 

patients with pancreatic cancer without detectable 
metastases. J Clin Oncol. 2015; 33:1770-1778.

58. Boone BA, Steve J, Zenati MS, Hogg ME, Singhi AD, 
Bartlett DL, Zureikat AH, Bahary N, Zeh HJ, 3rd. Serum 
CA 19-9 response to neoadjuvant therapy is associated 
with outcome in pancreatic adenocarcinoma. Ann Surg 
Oncol. 2014; 21:4351-4358.

Received October 9, 2021; Revised November 4, 2021; 
Accepted November 8, 2021.

§These authors contributed equally to this work.
*Address correspondence to:
Yuhua Zhang, Department of Hepatobiliary and Pancreatic 
Surgery, Zhejiang Cancer Hospital, The Cancer Hospital of the 
University of Chinese Academy of Sciences, 1 Banshan East 
Road, Hangzhou 310022, China.
E-mail: drzhangyuhua@126.com

Released online in J-STAGE as advance publication November 
10, 2021.

373


