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Background: More and more patients with pancreatic cancer (PC) received
neoadjuvant therapy (NAT) and then underwent radical pancreatectomy.
However, the benefit of adjuvant chemotherapy (AC) for these patients is still
controversial. This study is designed to determine the benefits of postoperative
AC for patients with PC undergoing NAT and radical resection.

Methods: We conducted a comprehensive search of the PubMed, Embase, Web
of Science, and Cochrane Library databases, covering the period from their
inception until 10 September 2023. Our analysis focused on the assessment of
overall survival (OS) and recurrence-free survival (RFS) through meta-analysis.
The fixed-effects model and the random-effects model were used to process the
data. Hazard ratios (HRs) and 95% confidence intervals (95% Cls) were employed
to determine the necessary of administering AC for patients with PC who have
undergone NAT and radical resection. We retrieved 3,063 search results, of
which 3,048 were excluded because of duplication or after applying our
inclusion and exclusion criteria.

Results: A total of 15 studies with 21,113 patients (7,794 patients in the AC group
and 13,319 in the non-AC group) were included, all of which reported OS, and
three studies reported disease-free survival (DFS)/tumor-specific survival (CSS)/
RFS. The final results showed that AC significantly improved OS and DFS/CSS/RFS
in patients with PC who underwent pancreatectomy after NAT [OS: HR = 0.80,
95% Cl (0.75~0.86), P < 0.00001, 12 = 48%; DFS/CSS/RFS: HR = 0.53, 95% Cl
(0.41~0.69), P < 0.00001, 1> = 0%]. Furthermore, we performed subgroup
analyses and demonstrated that AC provided a significant survival benefit for
patients with PC after NAT and resection regardless of the tumor size [<2-cm
subgroup: HR = 0.72, 95% CI (0.5~0.94), P = 0.01; >2-cm subgroup: HR = 0.79,
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95% ClI(0.65~0.96), P = 0.02] and the margin status [RO subgroup: HR = 0.83, 95% CI
(0.77~0.88), P < 0.00001; R2 subgroup: HR = 0.75, 95% CI (0.61~0.92), P = 0.007].
AC also benefited the patients with a stage NO [HR = 0.79, 95% CI (0.74~0.84), P <
0.00001], N1 [HR = 0.78, 95% CI (0.72~0.85), P < 0.00001], or poorly/
undifferentiated tumor [HR = 0.76, 95% CI (0.66~0.87), P < 0.0001] in survival but
not in patients with a stage N2 [HR = 0.69, 95% CI (0.43~1.09), P = 0.11] or well/
moderately differentiated tumor [HR = 0.97, 95% CI (0.66~1.42), P = 0.87].

Conclusions: Although AC showed survival benefit for patients with PC
undergoing radical pancreatectomy after NAT, we still need to consider the
lymph node stage and the degree of differentiation of the tumor when we gave
AC to a patient. High-quality prospective randomized controlled studies are
required to well disclose the value of AC in patients with PC undergoing radical
pancreatectomy after NAT.

Systematic review registration: https://www.crd.york.ac.uk/prospero/
PROSPERO, identifier CRD42023461365.

adjuvant chemotherapy, neoadjuvant therapy, pancreatic ductal adenocarcinoma,

overall survival, disease-free survival, TNM-staging

1 Introduction

Pancreatic cancer (PC) is one of the most aggressive and lethal
malignancies with a 5-year overall survival (OS) of less than 10%
(1). Given the high mortality and increasing incidence every year,
PC is projected to become the second leading cause of cancer-
related death by 2030 (2). Currently, surgical resection is still the
only radical treatment for PC. However, the effect of operation is
not good, the 5-year OS is as low as 20%, whereas about 75% of
patients will experience tumor recurrence within 2 years (3-5).
Systemic adjuvant chemotherapy (AC) plays a crucial role in
treatment of patients underwent radical resection in considering
that PC is a systemic disease (6). Disappointingly, the improvement
of systemic AC on the survival of patents after radical resection is
still limited (7).

Neoadjuvant therapy (NAT) has been become the important
treatment for patients with localized PC (8), which downstages the
primary tumor, increases the feasibility of RO resection, eliminates
micrometastasis, and identifies aggressive tumors to avoid futile
surgery (9, 10). Moreover, nearly half of the patients are unable to
receive AC due to surgical complications after operation (11), and
preoperative chemoradiotherapy successfully overcomes this
situation. The prolonged disease-free survival (DFS) and OS also
confirms the advantages of NAT in patients with high risk
resectable and borderline resectable PC (12, 13).

However, the necessity and benefits of AC in patients with PC
underwent pancreatectomy after NAT remains controversial.
Sugawara et al. found that patients with PC received AC after
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NAT, and resection had significantly better survival benefits than
those did not receive AC (14). In contrast, van Roessel’s team
indicated that additional postoperative therapy may not provide an
additional survival benefit, except for patients with pathologically
confirmed lymph node-positive PC (15).

To well disclose the value of AC in patients with PC underwent
pancreatectomy after NAT, we conduct a systematic review and
meta-analysis, the effects of AC on survival and the potential benefit
subgroups will be reported.

2 Materials and methods

2.1 Literature search strategy and
selection criteria

The PubMed, Embase, Web of Science, and Cochrane Library
databases from inception through 10 September 2023 were searched
for literature published in English comparing the need for
postoperative AC for patients with PC after NAT. We used the
following terms: (pancreatic neoplasm OR pancreas cancer) AND
(neoadjuvant therapy OR neoadjuvant Chemotherapy OR
neoadjuvant chemoradiotherapy) AND (adjuvant chemotherapy
OR adjuvant drug therapy). The detailed search strategy is
summarized in Supplementary Table 1. In addition, all eligible
studies were manually scrutinized. Two investigators independently
evaluated the included studies. Any discrepancies in the literature
search were settled by a consensual process.
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Studies that meet the following criteria could be included: (1) the
study design was a randomized controlled clinical trial or prospective/
retrospective cohort study; (2) the study subjects were all patients with
PC who undergo surgical resection after NAT (R2 resections < 2% per
study; AC cycle > 3 months); (3) the studies had sufficient data to be
analyzed including clinical characteristics and prognostic indexes such
as OS, DFS, recurrence-free survival (RFS) and tumor-specific survival
(CSS); (4) the study was published in English. Exclusion criteria are as
follows: (1) meta-analysis, review, case report, comment, letter,
conference abstract, and ongoing studies; (2) animal experiment and
study not related to the subject matter of the article; and (3) studies that
did not provide enough information to be included. For republished
studies, only the most recent literature and relevant data were collected.
Study design [Participants/Patients Intervention Control/Comparison
Outcome Study design (PICOS)] components are detailed in
Supplementary Table 2.

This study was conducted in accordance with the criteria
established by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (supplementary
PRISMA Checklist). It was registered in the PROSPERO
(CRD42023461365) prospectively (16).

2.2 Data analysis

Two researchers (JHW and YKZ) independently extracted data
and performed a literature quality assessment. Any disagreements
were resolved by consensus through discussion with a third
investigator. We extracted baseline characteristics from the
included literature, including first author, study period, study
country, year of publication, sample size, clinical characteristics,
and clinical outcomes. The study selected OS and DFS/CSS/RFS as
endpoints for this meta-analysis. The quality of the included studies
was assessed using the Newcastle-Ottawa Scale (NOS) (17), where
seven to nine points were rated as high-quality studies.

The hazard ratios (HRs) and 95% confidence intervals (95%
CIs) were used to estimate the correlation between the
administration of AC or not and the patient’s prognosis in
patients with Pancreatic Ductal Adenocarcinoma (PDAC)
undergoing surgical resection after NAT. In most studies, data
such as HRs and 95% ClIs could be collected directly. However, we
used Tierney’s method to derive estimates from survival curves for
all studies without relevant prognostic indicators (18). The
heterogeneity among the included studies was assessed by using
the chi-squared (X2 ) test (Cochran’s Q) and inconsistency index
(%) (19). P-values < 0.05 or I*> > 50% indicated significant
heterogeneity, in which case it was analyzed by using a random-
effects model. Conversely, fixed-effects models were used when
heterogeneity was small. P < 0.05 was considered statistically
significant. Sensitivity analyses, funnel plots, and subgroup
analyses were used to detect sources of heterogeneity. The
subgroup analyzed factors included study style, the American
Joint Committee on Cancer (AJCC) eighth N staging, tumor size
(<2 cm and 22 cm), margin status, and histological grade. The
results of the subgroup analysis are presented in Table 1. Begg’s
funnel plot test and Egger’s test were used to test for publication bias
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in these studies (20). RevMan 5.3 (Cochrane Collaboration) and
Stata 16.0 software (College Station) were used for this
meta-analysis.

3 Results

The flowchart of the literature retrieval and screening process is
presented in Figure 1. The systematic initial search yielded 3,063
relevant literatures, of which 955 were excluded due to duplication.
Subsequently, 2,082 articles were elected by title and abstract, and 26
remaining articles were subjected to full text examination. Finally, a
total of 15 articles that met the inclusion criteria were included in our
meta-analysis, and a pooled analysis of 21,113 patients was conducted
(7,794 patients in the AC group and 13,319 patients in the non-AC
group). Three of these studies are retrospective ones using
prospectively maintained databases (21-23), and the other 12 were
retrospective cohort studies (14, 15, 24-33). It was worth noting that
the study by Bolm et al. analyzed two sets of data separately. The
included studies were published between 2017 and 2023 and
conducted in five countries: 10 in the United States (14, 15, 21-24,
26, 28, 30, 31), 2 in China (32, 33), and 1 each in South Korea (27),
Italy (29), and The Netherlands (25). Table 2 provides a summary of
the main characteristics and NOS scores of the included studies. The
median NOS score was 7 (ranging from 6 to 9) (34), and 10 studies
were assessed as high-quality. Supplementary Table 3 presents the
NOS assessment details for all included studies.

All 15 studies (14, 15, 21-33) with a total of 21,113 patients
reported the influence of AC on OS. The pooled results of all the cohort
studies using a random-effects model showed that AC was associated
with significantly longer OS [HR = 0.80; 95% CI (0.75~0.86),
P < 0.00001; Figure 2], accompanied by slight heterogeneity (I*) =
48%, P = 0.02). Sensitivity analyses were performed to identify potential
sources of heterogeneity, but no significant differences were found
outside the limits of the 95% CI of the combined results. We also
assessed the publication bias using funnel plots (Supplementary Figure
S2C), Egger’s test, and Begg’s test and found no apparent publication
bias for OS analysis (Egger’s test: P = 0.104, Figure 3; Begg’s test:
P = 0.115, Supplementary Figure S2A).

Three studies (22, 27, 31), including 649 patients (332 patients
in the AC group and 317 patients in the non-AC group), reported
the DFS/CSS/RFS. The combined results obtained by the fixed-
effects model showed a significant clinical benefit of AC on DFS/
CSS/REFS in patients [HR = 0.53, 95% CI (0.41 ~ 0.69), P < 0.00001;
Figure 3]. No heterogeneity was detected among the pooled results
(%) = 0%, P = 0.95). Sensitivity analyses also did not find differences
in the pooled results beyond the limits of 95% CI. Funnel plots
(Supplementary Figure S2F), Egger’s test, and Begg’s test did not
find any obvious publication bias between AC and DFS/CSS/RES
(Egger’s test: P = 0.145, Supplementary Figure S2F; Begg’s test: P =
1.00, Supplementary Figure S2D).

Subgroup analyses about oncological factors was performed to
determine the benefiting subpopulation, which was helpful to
making a rational decision in application of AC for patients
underwent radical resection after NAT. Additionally, all of the
following subgroup analyses were analyzed using a random-effects
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TABLE 1 Subgroup meta-analysis of prognostic role of AC for OS in PC patients after NAT and radical pancreatectomy.

[\[o} No. of study HR (95%Cl) P-value Heterogeneity
of study
AC Non-AC 12 (%) P-value

Study Style

Retrospective 12 12 12 0.82 <0.00001 41% 0.2

Prospective 3 3 3 0.64 0.004 38% <0.06
AJCC 8th
N staging

NO 9 9 9 0.79 <0.00001 0% 0.65

N1 6 6 6 0.78 <0.00001 32% 0.19

N2 4 4 4 0.69 0.11 75% 0.07
Tumor size

<2cm 3 3 3 0.72 0.01 0% 0.48

<2cm 3 3 3 0.79 0.02 59% 0.09

Margin status

RO 4 4 4 0.83 <0.00001 16% 0.31

R1 4 4 4 0.75 0.007 51% 0.11

Histological grade

Low- 3 3 3 0.97 0.87 0% 0.8
grade group
High- 3 3 3 0.76 <0.00001 15% <0.31

grade group

Records identified through database searching
(=3063)
Pubmed:971
Embase:971
Web of science:1044
Cochrane:77

v
Records after
duplicates
removed (n=2108)

Records excluded after title and abstract
screening (n=2082):

1. Tirelative article (n=1902);

2. Replies and comments (n=3);

3. Case reports (n=68);

4. Reviews and meta-analyses (n=109)

y

Records screened
(n=2108)

A 4

Full-text articles excluded with reasons
Full-text assessed for (@=11): i . .

eligibility (n=26) »| 1. Studies without sufficient data (n=4);
2. Session abstract (n=3)
3. Others (n=4)

A4

Studies included in quantitative synthesis (n=15)
Enrollment of patients (n=21113):
AC (n=7794)
Non-AC (n=13319)

4 Y

FIGURE 1
Flowchart of the systematic search and selection process.
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TABLE 2 The characteristics of the included studies.

Years of Median OS
Follow-up NOS
enrolled times
patients Non-AC
Olecki et al. (30) 2021 USA Retrospective 3,897 2,405 1,492 2006-2015 2322 26.04 0s NA 7
Kamarajah et al. (26) 2021 USA Retrospective 4,122 2,061 2,061 2004-2016 249 29.4 [N NA 8
) Median time,
Ma et al. (28) 2019 USA Retrospective 1,737 1,247 490 2004-2015 NA NA (6N 8
36 months
Median time,
Sugawara et al. (14) 2023 CA Retrospective 888 444 444 2010-2018 212 266 0s ecan tme 9
21.3 months
Bolm et al. (24) 2022 USA Retrospective 202 100 102 2000-2018 17.8 213 (6N NA 6
Bolm* et al. (24) 2022 USA Retrospective 4,749 4,172 577 2004-2018 26.4 354 (6N NA 6
i Median time,
Zhang et al. (33) 2022 USA Retrospective 764 561 203 2011-2017 289 30.1 0os 7
35.5 months
Median time,
van Roessel et al. (15) 2020 EU Retrospective 520 177 343 2012-2018 29 29 0s cdian time 7
38 months
Hammad et al. (22) 2023 USA Prospective 413 199 214 2010-2019 NA NA OS/PES NA 6
Median time,
Barnes et al. (21) 2017 USA Prospective 234 9% 138 2009-2016 39 23 OS/PFS edian time 7
25.2 months
de Geus et al. (25) 2018 USA Retrospective 1,357 833 524 2006-2013 27.1 27.5 oS NA 6
Maggino et al. (29) 2023 ITA Retrospective 373 123 250 2013-2017 35 36 os NA 6
Perri et al. (31) 2020 USA Retrospective 122 61 61 2010-2017 17 42 OS/PES NA 8
Ivey et al. (23) 2022 USA Prospective 427 186 241 2015-2019 20.4 28.7 OS/PES NA 6
Pu et al. (32) 2023 CA Retrospective 1,194 597 597 2006-2019 25 30 OS/CSS NA 8
. Median time,
Lee et al. (27) 2023 KR Retrospective 114 57 57 2017-2020 23.5 31.5 OS/DES 9

26.6 months

NOS, the Newcastle-Ottawa Scale.
NA, Not Applicable.

*It was worth noting that Bolm et al. study analyzed two sets of data separately.
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Barnes et al ( 2017 ) -0.15082289 0.21032734 2.3% 0.86 [0.57, 1.30] —
Bolm et al * (2022 ) -0.15082289 0.11778825 5.6% 0.86 [0.68, 1.08] -
Bolm et al (2022) -0.18753512 0.09265527 7.5% 0.83[0.69, 0.99] -
de Geus et al (2018) -0.02839947 0.06982884 9.8% 0.97[0.85, 1.11] -
Hammad et al (2023) -0.67334455 0.31822906 1.1% 0.51[0.27, 0.95]
Ivey et al (2022 ) -0.5798185 0.15406022 3.8% 0.56 [0.41, 0.76] —_—
Kamarajah et al ( 2021) -0.21072103 0.04077773 13.5% 0.81[0.75, 0.88] -
Lee et al (2023 ) -0.7985077 0.2284143 2.0% 0.45 [0.29, 0.70]
Ma et al (2019) -0.24846136 0.06865527 10.0% 0.78 [0.68, 0.89] -
Maggino et al ( 2023 ) -0.19845094 0.21411472 2.2% 0.82[0.54, 1.25] — 1
Olecki et al ( 2021) -0.18152188 0.04310211 13.2% 0.83[0.77,0.91] -
Perri et al ( 2020 ) -0.597837 0.31832262 1.1% 0.55[0.29, 1.03]
Pu et al (2023) -0.24846136 0.08089183 8.6% 0.78 [0.67, 0.91] —_
Sugawara et al (2023) -0.34249031 0.09314128 7.4% 0.71[0.59, 0.85] —_—
van Roessel et al ( 2020 ) -0.01005034 0.12964919 4.9% 0.99[0.77, 1.28] —
Zhang et al ( 2022 ) -0.17435339 0.09719745 7.1% 0.84[0.69, 1.02] —
Total (95% CI) 100.0% 0.80 [0.75, 0.86] ¢
Heterogeneity: Tau? = 0.01; Chi? = 28.62, df = 15 (P = 0.02); I = 48% 0=2 o=5 2 5
Test for overall effect: Z = 6.49 (P < 0.00001) ) Neo+AC No AC
FIGURE 2

Forest plots of OS in patients with PC who received AC after NAT and radical pancreatectomy. *It was worth noting that Bolm et al. study analyzed

two sets of data separately.

model (Table 2), and publication bias of the included studies was
assessed using Funnel plots, Egger’s test, and Begg’s test
(Supplementary Figure S3).

Firstly, we classified the included studies according to AJCC eighth
N staging, and nine studies reported the effect of postoperative AC or
OS in patients with a pathological NO disease (14, 15, 21, 24, 26, 27, 29,
30, 32). The combined results using a random-effects model showed
that patients with stage NO could be significantly benefited from AC
after NAT and surgery [HR = 0.79, 95% CI (0.74~0.84), P < 0.00001;
Figure 4A]. Six studies reported the influence of postoperative AC on
OS in patients with stage N1 (14, 24, 26, 29, 32, 33). The combined
results also showed significant benefits of AC in these patients [HR =
0.78, 95% CI (0.72~0.85), P < 0.00001; Figure 4A]. Four studies
reported the effect of postoperative AC in patients with stage N2 (26,
29, 32,33). Surprisingly, AC did not prolong OS in patients with an N2
tumor after NAT and surgery [HR = 0.69, 95% CI (0.43~1.09), P =
0.11; Figure 4A].

Secondly, we analyzed the influence of tumor size on the effects
of AC in patients underwent radical resection after NAT. Three
studies were included (29, 30, 32), and the combined results
indicated a significant improvement in OS associated with the use
of AC regardless of the tumor size [<2-cm subgroup: HR = 0.72,
95% CI (0.55~0.94), P = 0.01; >2-cm subgroup: HR = 0.79, 95% CI
(0.65~0.96), P = 0.02; Figure 4B].

Then, we analyzed the influence of the surgical margin status on
the effects of AC in patients underwent radical resection after NAT.

Four studies included (14, 26, 30, 33), and the combined results
indicated that AC after NAT and resection increased OS compared
with non-AC regardless of the margin status [RO subgroup: HR =
0.83, 95% CI (0.77~0.88), P < 0.00001; R2 subgroup: HR = 0.75,
95% CI (0.61~0.92), P = 0.007; Figure 4C].

Finally, we analyzed the influence of tumor differentiation degree.
Three studies were included, and the patients were classified to the
low-grade group (well or moderate differentiation) and the high-
grade group (poor or undifferentiation) according to the histological
grade after completion of NAT. The combined results showed that
the survival benefits of receiving additional AC after NAT were
observed only in the high-grade group [HR = 0.76, 95% CI
(0.66~0.87), P < 0.0001; Figure 4D] (14, 30, 32) but not in the low-
grade group [HR = 0.97, 95% CI (0.66~1.42), P = 0.87; Figure 4D].

4 Discussion

To our knowledge, this study is the first one of systematic review
and meta-analysis to assess the clinical implication of postoperative
AC in patients with PC who underwent NAT and radical resection.
The pooled analysis showed that AC was associated with a notably
prolonged OS and DFS/CSS/RFS compared with non-AC.
Subgroup analyses demonstrated that significant survival benefits
of AC were observed regardless of the tumor size and resection
margin status. However, the value of AC cannot be generalized in

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Hammad et al (2023) -0.5798185 0.28810815 21.5% 0.56[0.32, 0.98] —

Lee etal (2023) -0.67334455 0.17325534 59.4% 0.51[0.36, 0.72] ——

Perri et al ( 2020 ) -0.597837 0.3053705 19.1% 0.55 [0.30, 1.00] . —

Total (95% ClI) 100.0% 0.53 [0.41, 0.69] <

Heterogeneity: Chi? = 0.10, df = 2 (P = 0.95); I* = 0% i o 3 :

Test for overall effect: Z = 4.78 (P < 0.00001)

FIGURE 3

Favours Neo+AC Favours No AC

Forest plots of DFS/CSS/RFS in patients with PC who received AC after NAT and radical pancreatectomy.
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FIGURE 4

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI

Hazard

Ratio

1V, Random, 95% CI

1.2.1 Negative lymph nodes
Barnes et al (2017)

Bolm et al * (2022)

Bolm et al (2022)
Kamarajah et al ( 2021 )

Lee etal (2023)

Maggino et al ( 2023 )
Olecki et al (2021 )

Puetal (2023 )

Sugawara et al (2023 )

-0.11653382 0.2687726 1.7%
-0.33407511 0.07873308 19.6%
0.27687387 0.31119143 1.3%
-0.22314355 0.05692438 37.5%
-0.12783337 0.52943906 0.4%

0.28517894 0.51752458 0.5%
-0.20211618 0.06725833  26.8%
-0.22941316 0.13784909 6.4%
-0.38566248 0.15050075 5.4%
van Roessel et al (2020 ) -0.16251893  0.4570815 0.6%
Subtotal (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 6.84, df = 9 (P = 0.65); I* = 0%
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Forest plots of (A) NO, N1, and N2; (B) tumor size < 2 cm and tumor size > 2 cm; (C) RO and R1; (D) well/moderate differentiation and poor/
undifferentiation. *It was worth noting that Bolm et al. study analyzed two sets of data separately.
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patients with different N staging and differentiation degree. We
showed that AC benefited the patients with a stage NO, N1, or
poorly/undifferentiated tumor in survival but not in patients with a
stage N2 or well/moderately differentiated tumor. These findings
were helpful to making a rational decision in selecting patients who
underwent radical resection after NAT for further AC, which were
also served as an important benchmark for future randomized
controlled trials to well stratify patients.

PC has been emphasized as a systemic disease with a tendency
to spread early (35, 36). Although surgery can offer a chance of cure
for patients with (borderline) resectable PC, the presence of
minimal residual and circulating tumor cells always results in
early recurrence. It is worth noting that one of the most
important roles of NAT, in addition to downstaging the primary
tumor and increasing the rate of negative surgical margins, is the
prevention of early postoperative metastasis in patients with PC
(37). Furthermore, NAT has been shown to be efficient in
enhancing systemic immunity and eradicating residual metastases
in preclinical studies (38). Therefore, NAT can well overcome the
limitations of the surgery-first approach, which has become a
common practice in managing patients with borderline resectable
PC and resectable tumors with high-risk factor and significantly
prolongs the OS and Progression-free Survival (PES) (39).

Noteworthily, there is evidence suggesting that the effects of
trauma or immunosuppression in the host can cause metastasis of
otherwise dormant tumor cells (40). As a trauma approach, preclinical
evidence indicated that surgery could promote tumor metastatic
mechanisms, potentially contributing to disease progression (41).
AC could well remedy the shortcomings of surgery-only approach.
However, whether the dormant tumor cells could be eliminated by
NAT or the surgical-related trauma could arouse these cells was
unknown. Whether AC could be replaced by NAT or AC could
benefit the patients underwent radical resection after NAT was still
unclear, especially considering the AC-related adverse effects and some
postoperative patients unable to achieve the physical conditions
required for AC, the value of AC in patients underwent radical
resection after NAT was worth investigated.

Stereotypically, additional AC after NAT and surgery could
provide an improvement in patients’ prognosis. Actually, the
indications for this paradigm remain controversial. Several
retrospective cohort studies about this issue have been published
in recent years. Barnes et al. (21) reported a retrospective study that
indicated AC after NAT and surgery did not improve the OS of the
whole®**. Similarly, van Roessel et al. (15) showed no significant
difference in survival between patients with PC received additional
AC and those without AC. On the contrary, the study conducted by
Sugawara et al. (14) who analyzed the data-based National Cancer
Database (NCDB) and the another retrospective study performed
by Kamarajah et al. (26) indicated that AC after NAT and surgery
was significantly associated with an improvement in survival. After
pooling the publications, we showed that AC in patients with PC
who underwent NAT and radical resection improve the OS
compared with non-AC.

Even so, the favorable outcomes of AC still cannot be generalized
for all patients, which were influenced by the metastasis status of the
regional lymph node and the differentiation degree. It is worth noting
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that the value of AC in patients with PC with different N stages is still
under debate. Sugawara et al. (14) showed that AChad a better survival
benefit in patients with any N staging. Other some studies indicated an
improved survival of additional postoperative AC in patients with
regional lymph node metastasis (15, 21). However, Pu et al. (32) found
that only patients with PC with N1 disease could significantly benefit
from additional AC after NAT and surgery, rather than patients with
NO or N2 disease. In addition, Zhanget al. (33) reported that additional
AC was not only unrelated to the survival of patients underwent NAT
and surgery but even shortened the OS in patients with positive nodal
disease. The current pooled results demonstrated that AC benefited
patients with a tumor in the stage NO and N1 in survival but not in
patients with a stage N2 tumor. Similarly, the value of AC in patients
with different degrees of differentiation, which improved the OS in
patients with a poorly/undifferentiated tumor but not in patients with a
well/moderately differentiated tumor. It is hard to explain the
heterogeneity of the outcomes of AC in patients with different N
stages or degrees of differentiation, further clinical study should focus
on this phenomenon. This meta-analysis has several limitations. First,
all studies included in our analysis were cohort studies, and there was a
lack of large randomized controlled trials to enhance the level of
evidence. Second, most of the studies were analyzed using the NCDB
and SEER databases, which limited our ability to obtain detailed
information on the specific regimens and treatment cycles of NAT
and AC, as well as tumor characteristics of patients with PC, such as
resectability assessment, vascular invasion, and other recurrence-
related factors. Additionally, due to the constraints of retrospective
data, information regarding tumor recurrence and its impact following
AC, beyond survival data, remains inaccessible. Consequently, further
prospective trials are necessary to examine the benefits of AC after
NAT and surgery more thoroughly. This limitation hindered our
ability to conduct a comprehensive analysis of NAT and AC regimens
and individualized therapy. Finally, aside from OS, there was
inconsistent reporting of outcomes across the 15 studies included in
the meta-analysis. Thus, we were unable to utilize all the included
articles for our analyses of other indicators.

5 Conclusions

In conclusion, in this meta-analysis of 15 cohort studies,
although AC showed survival benefit for patients with PC
undergoing radical pancreatectomy after NAT, we still need to
consider the lymph node stage and the degree of differentiation of
the tumor when we gave AC to a patient. High-quality prospective
randomized controlled studies are required to well disclose the
value of AC in patients with PC undergoing radical pancreatectomy
after NAT.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1429386
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wou et al.

Author contributions

JW: Conceptualization, Data curation, Methodology, Writing —
original draft. YZ: Data curation, Investigation, Writing — review &
editing. HW: Data curation, Writing — review & editing. WG: Formal
analysis, Methodology, Writing - review & editing. CL: Formal analysis,
Methodology, Writing — review & editing. YY: Writing — review &
editing. HL: Writing - review & editing. FL: Conceptualization,
Supervision, Writing - review & editing. LW: Funding acquisition,
Writing - review & editing. JX: Conceptualization, Data curation,
Funding acquisition, Investigation, Methodology, Project
administration, Writing — original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by grants from the Shandong Provincial Natural Science
Foundation, China (ZR2020MH256); the Natural Science Foundation of
China (81502051); and the horizontal scientific research project of
Shandong University (6010122078 and 6010122191).

Acknowledgments

This study was supported by the Shandong Provincial Natural
Science Foundation, China (ZR2020MH256). We acknowledge all

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer |
Clin. (2023) 73:17-48. doi: 10.3322/caac.21763

2. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM.
Projecting cancer incidence and deaths to 2030: the unexpected burden of thyroid,
liver, and pancreas cancers in the United States. Cancer Res. (2014) 74:2913-21.
doi: 10.1158/0008-5472.CAN-14-0155

3. Brown ZJ, Heh V, Labiner HE, Brock GN, Ejaz A, Dillhoff M, et al. Surgical
resection rates after neoadjuvant therapy for localized pancreatic ductal
adenocarcinoma: meta-analysis. Br J Surg. (2022) 110:34-42. doi: 10.1093/bjs/znac354

4. Altman AM, Wirth K, Marmor S, Lou E, Chang K, Hui JYC, et al. Completion of
adjuvant chemotherapy after upfront surgical resection for pancreatic cancer is
uncommon yet associated with improved survival. Ann Surg Oncol. (2019) 26:4108-
16. doi: 10.1245/510434-019-07602-6

5. Tempero MA, Malafa MP, Al-Hawary M, Behrman SW, Benson AB, Cardin DB,
et al. Pancreatic adenocarcinoma, version 2.2021, NCCN clinical practice guidelines in
oncology. ] Natl Compr Canc Netw. (2021) 19:439-57. doi: 10.6004/jnccn.2021.0017

6. Grossberg AJ, Chu LC, Deig CR, Fishman EK, Hwang WL, Maitra A, et al.
Multidisciplinary standards of care and recent progress in pancreatic ductal
adenocarcinoma. CA Cancer ] Clin. (2020) 70:375-403. doi: 10.3322/caac.21626

7. Bednar F, Pasca di Magliano M. Chemotherapy and tumor evolution shape
pancreatic cancer recurrence after resection. Cancer Discov. (2020) 10:762-4.
doi: 10.1158/2159-8290.CD-20-0359

8. Heinemann V, Haas M, Boeck S. Neoadjuvant treatment of borderline resectable
and non-resectable pancreatic cancer. Ann Oncol. (2013) 24:2484-92. doi: 10.1093/
annonc/mdt239

9. Xu J, Zhan H, Li F, Hu S, Wang L. Neoadjuvant therapy for pancreatic cancer:
Limitations and advances of response assessment (Review). Oncol Rep. (2021) 45.
doi: 10.3892/0r.2021.7977

10. Springfeld C, Ferrone CR, Katz MHG, Philip PA, Hong TS, Hackert T, et al.
Neoadjuvant therapy for pancreatic cancer. Nat Rev Clin Oncol. (2023) 20:318-37.
doi: 10.1038/s41571-023-00746-1

11. Park W, Chawla A, O'Reilly EM. Pancreatic cancer: a review. JAMA. (2021)
326:851-62. doi: 10.1001/jama.2021.13027

Frontiers in Oncology

10.3389/fonc.2024.1429386

the authors whose papers have been included in this meta-analysis
for their work, which made this analysis possible.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1429386/
full#supplementary-material

12. Uson Junior PLS, Dias E Silva D, de Castro NM, Castro NM, Victor Silva E,
Rother ET, et al. Does neoadjuvant treatment in resectable pancreatic cancer improve
overall survival? A systematic review and meta-analysis of randomized controlled trials.
ESMO Open. (2023) 8:100771. doi: 10.1016/j.esmo0p.2022.100771

13. Attaallah W. Neoadjuvant chemoradiotherapy for resectable and borderline
resectable pancreatic cancer. ] Clin Oncology: Off ] Am Soc Clin Oncol. (2022) 40:3346.
doi: 10.1200/JC0O.22.00432

14. Sugawara T, Franco SR, Sherman S, Kirsch MJ, Colborn K, Ishida J, et al.
Association of adjuvant chemotherapy in patients with resected pancreatic
adenocarcinoma after multiagent neoadjuvant chemotherapy. JAMA Oncol. (2023)
9:316-23. doi: 10.1001/jamaoncol.2022.5808

15. van Roessel S, van Veldhuisen E, Klompmaker S, Janssen QP, Hilal Abu M,
Alseidi A, et al. Evaluation of adjuvant chemotherapy in patients with resected
pancreatic cancer after neoadjuvant FOLFIRINOX treatment. JAMA Oncol. (2020)
6:1733-40. doi: 10.1001/jamaoncol.2020.3537

16. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-
P) 2015: elaboration and explanation. BM] (Clinical Res ed). (2015) 350:g7647.
doi: 10.1136/bmj.g7647

17. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603—
5. doi: 10.1007/s10654-010-9491-z

18. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for
incorporating summary time-to-event data into meta-analysis. Trials. (2007) 8:16.
doi: 10.1186/1745-6215-8-16

19. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. (2002) 21:1539-58. doi: 10.1002/sim.1186

20. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ (Clinical Res ed). (1997) 315:629-34. doi: 10.1136/
bm;j.315.7109.629

21. Barnes CA, Krepline AN, Aldakkak M, Clarke CN, Christians KK, Khan AH,
et al. Is adjuvant therapy necessary for all patients with localized pancreatic cancer who

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1429386/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1429386/full#supplementary-material
https://doi.org/10.3322/caac.21763
https://doi.org/10.1158/0008-5472.CAN-14-0155
https://doi.org/10.1093/bjs/znac354
https://doi.org/10.1245/s10434-019-07602-6
https://doi.org/10.6004/jnccn.2021.0017
https://doi.org/10.3322/caac.21626
https://doi.org/10.1158/2159-8290.CD-20-0359
https://doi.org/10.1093/annonc/mdt239
https://doi.org/10.1093/annonc/mdt239
https://doi.org/10.3892/or.2021.7977
https://doi.org/10.1038/s41571-023-00746-1
https://doi.org/10.1001/jama.2021.13027
https://doi.org/10.1016/j.esmoop.2022.100771
https://doi.org/10.1200/JCO.22.00432
https://doi.org/10.1001/jamaoncol.2022.5808
https://doi.org/10.1001/jamaoncol.2020.3537
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.3389/fonc.2024.1429386
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wu et al.

have received neoadjuvant therapy? J Gastrointest Surg. (2017) 21:1793-803.
doi: 10.1007/s11605-017-3544-5

22. Hammad AY, Hodges JC, AlMasri S, Paniccia A, Lee KK, Bahary N, et al. Evaluation
of Adjuvant chemotherapy survival outcomes among patients with surgically resected
pancreatic carcinoma with node-negative disease after neoadjuvant therapy. JAMA Surg
Jan 1. (2023) 158:55-62. doi: 10.1001/jamasurg.2022.5696

23. Ivey GD, Shoucair S, Delitto DJ, Habib JR, Kinny-Késter B, Shubert CR, et al.
Postoperative chemotherapy is associated with improved survival in patients with
node-positive pancreatic ductal adenocarcinoma after neoadjuvant therapy. World |
Surgery. (2022) 46:2751-9. doi: 10.1007/s00268-022-06667-x

24. Bolm L, Zemskov S, Zeller M, Baba T, Roldan J, Harrison JM, et al. Concepts and
outcomes of perioperative therapy in stage IA-III pancreatic cancer-a cross-validation
of the national cancer database (NCDB) and the german cancer registry group of the
society of german tumor centers (GCRG/ADT). Cancers. (2022) 14. doi: 10.3390/
cancers14040868

25. de Geus SWL, Kasumova GG, Eskander MF, Ng SC, Kent TS, James Moser A,
et al. Is neoadjuvant therapy sufficient in resected pancreatic cancer patients? a national
study. J Gastrointest Surg. (2018) 22:214-25. doi: 10.1007/s11605-017-3541-8

26. Kamarajah SK, White SA, Naffouje SA, Salti GI, Dahdaleh F. Adjuvant
chemotherapy associated with survival benefit following neoadjuvant chemotherapy
and pancreatectomy for pancreatic ductal adenocarcinoma: a population-based cohort
study. Ann Surg Oncol. (2021) 28:6790-802. doi: 10.1245/510434-021-09823-0

27. Lee SH, Hwang DW, Yoo C, Kim KP, Kang S, et al. Survival benefit of adjuvant
chemotherapy in patients with pancreatic ductal adenocarcinoma who underwent
surgery following neoadjuvant FOLFIRINOX. Cancer Res Treat. (2023) 55:956-68.
doi: 10.4143/crt.2022.409

28. Ma §J, Oladeru OT, Miccio JA, Iovoli AJ, Hermann GM, Singh AK. Adjuvant
chemotherapy versus observation following neoadjuvant therapy and surgery for
resectable stage I-II pancreatic cancer. Int ] Radiat Oncol Biol Physics. (2019) 105:
E240. doi: 10.1016/j.ijrobp.2019.06.1917

29. Maggino L, Malleo G, Crippa S, Belfiori G, Bannone E, Lionetto G, et al.
Pathological staging in postneoadjuvant pancreatectomy for pancreatic cancer:
implications for adjuvant therapy. Br ] Surg. (2023) 110:973-82. doi: 10.1093/bjs/
znad146

30. Olecki EJ, Stahl KA, Torres MB, Peng JS, Dixon M, Shen C, et al. Adjuvant
chemotherapy after neoadjuvant chemotherapy for pancreatic cancer is associated with
improved survival for patients with low-risk pathology. Ann Surg Oncol. (2021)
28:3111-22. doi: 10.1245/s10434-020-09546-8

Frontiers in Oncology

10

10.3389/fonc.2024.1429386

31. Perri G, Prakash L, Qiao W, Varadhachary GR, Wolff R, Fogelman D, et al.
Postoperative chemotherapy benefits patients who received preoperative therapy and
pancreatectomy for pancreatic adenocarcinoma. Ann Surgery. (2020) 271:996-1002.
doi: 10.1097/s1a.0000000000003763

32. PuN, Wu W, Liu S, Xie Y, Yin H, Chen Q, et al. Survival benefit and impact of
adjuvant chemotherapy following systemic neoadjuvant chemotherapy in patients with
resected pancreas ductal adenocarcinoma: a retrospective cohort study. Int ] Surg
(London England) 109:3137-46. doi: 10.1097/JS9.0000000000000589

33. Zhang C, Wu R, Smith LM, Baine M, Lin C, Reames BN. An evaluation of
adjuvant chemotherapy following neoadjuvant chemotherapy and resection for
borderline resectable and locally advanced pancreatic cancer. Am ] Surg. (2022)
224:51-7. doi: 10.1016/j.amjsurg.2021.12.018

34. Kim SR, Kim K, Lee SA, Kwon SO, Lee JK, Keum N, et al. Effect of red, processed,
and white meat consumption on the risk of gastric cancer: an overall and dose response
meta-analysis. Nutrients. (2019) 11. doi: 10.3390/nu11040826

35. Mizrahi JD, Surana R, Valle JW, Shroff RT. Pancreatic cancer. Lancet. (2020)
395:2008-20. doi: 10.1016/S0140-6736(20)30974-0

36. Padillo-Ruiz J, Suarez G, Pereira S, Calero-Castro FJ, Tinoco J, Marin L, et al.
Circulating tumor cells enumeration from the portal vein for risk stratification in early
pancreatic cancer patients. Cancers. (2021) 13. doi: 10.3390/cancers13246153

37. Springfeld C, Neoptolemos JP. The role of neoadjuvant therapy for resectable
pancreatic cancer remains uncertain. Nat Rev Clin Oncol. (2022) 19:285-6.
doi: 10.1038/s41571-022-00612-6

38. Giirlevik E, Fleischmann-Mundt B, Brooks J, Demir IE, Steiger K, Ribback S,
et al. Administration of gemcitabine after pancreatic tumor resection in mice induces
an antitumor immune response mediated by natural killer cells. Gastroenterology.
(2016) 151. doi: 10.1053/j.gastro.2016.05.004

39. Murphy JE, Wo JY, Ryan DP, Jiang W, Yeap BY, Drapek LC, et al. Total
neoadjuvant therapy with folfirinox followed by individualized chemoradiotherapy for
borderline resectable pancreatic adenocarcinoma: a phase 2 clinical trial. JAMA Oncol.
(2018) 4:963-9. doi: 10.1001/jamaoncol.2018.0329

40. Ben-Eliyahu S. The promotion of tumor metastasis by surgery and stress:
immunological basis and implications for psychoneuroimmunology. Brain Behav
Immun. (2003) 17 Suppl 1:527-36. doi: 10.1016/S0889-1591(02)00063-6

41. Mota Reyes C, Teller S, Muckenhuber A, Konukiewitz B, Safak O, Weichert W,
et al. Neoadjuvant therapy remodels the pancreatic cancer microenvironment via
depletion of protumorigenic immune cells. Clin Cancer Research: an Off ] Am Assoc For
Cancer Res. (2020) 26:220-31. doi: 10.1158/1078-0432.CCR-19-1864

frontiersin.org


https://doi.org/10.1007/s11605-017-3544-5
https://doi.org/10.1001/jamasurg.2022.5696
https://doi.org/10.1007/s00268-022-06667-x
https://doi.org/10.3390/cancers14040868
https://doi.org/10.3390/cancers14040868
https://doi.org/10.1007/s11605-017-3541-8
https://doi.org/10.1245/s10434-021-09823-0
https://doi.org/10.4143/crt.2022.409
https://doi.org/10.1016/j.ijrobp.2019.06.1917
https://doi.org/10.1093/bjs/znad146
https://doi.org/10.1093/bjs/znad146
https://doi.org/10.1245/s10434-020-09546-8
https://doi.org/10.1097/sla.0000000000003763
https://doi.org/10.1097/JS9.0000000000000589
https://doi.org/10.1016/j.amjsurg.2021.12.018
https://doi.org/10.3390/nu11040826
https://doi.org/10.1016/S0140-6736(20)30974-0
https://doi.org/10.3390/cancers13246153
https://doi.org/10.1038/s41571-022-00612-6
https://doi.org/10.1053/j.gastro.2016.05.004
https://doi.org/10.1001/jamaoncol.2018.0329
https://doi.org/10.1016/S0889-1591(02)00063-6
https://doi.org/10.1158/1078-0432.CCR-19-1864
https://doi.org/10.3389/fonc.2024.1429386
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Evaluating the benefits of adjuvant chemotherapy in patients with pancreatic cancer undergoing radical pancreatectomy after neoadjuvant therapy—a systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Literature search strategy and selection criteria
	2.2 Data analysis

	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


