
Comparing upfront surgery with neoadjuvant
treatments in patients with resectable, borderline
resectable or locally advanced pancreatic cancer:
a systematic review and network meta-analysis
of randomized clinical trials
Jiaxin He, MM, Na Lv, MM, Zhenyi Yang, MM, Yixuan Luo, MM, Wen Zhong, MD, Chunli Wu, MD*

Background: The aim was to explore the optimal neoadjuvant therapy strategy for resectable, borderline resectable, and locally
advanced pancreatic cancer, in order to provide a theoretical basis for the development of new neoadjuvant treatment protocols for
clinical use.
Patients and methods: The authors reviewed literature titles and abstracts comparing three treatment strategies (neoadjuvant
chemoradiotherapy, neoadjuvant chemotherapy, and upfront surgery) in PubMed, Embase, The Cochrane Library, Web of Science
from 2009 to 2023 to estimate relative odds ratios for resection rate and hazard ratios (HRs) for overall survival (OS) in all include trials.
Results: A total of nine studies involving 889 patients were included in the analysis. The treatment methods included upfront
surgery, neoadjuvant chemotherapy, and neoadjuvant chemoradiotherapy followed by surgery. The network meta-analysis results
demonstrated that neoadjuvant chemoradiotherapy followed by surgery was an effective approach in improving OS for resectable
and borderline resectable pancreatic cancer (RPC) patients compared to upfront surgery (HR: 0.79, 95% CI: 0.64–0.98) and
neoadjuvant chemotherapy (HR: 0.79, 95% CI: 0.64–0.98). Additionally, neoadjuvant chemoradiotherapy significantly increased the
margin negative resection (R0) rate and pathological negative lymph node (pN0) rate in patients with resectable and borderline RPC.
However, it is worth noting that neoadjuvant chemoradiotherapy increased the risk of grade 3 or higher treatment-related adverse
events, including in patients with locally advanced pancreatic cancer.
Conclusions: The current evidence suggests that neoadjuvant chemoradiotherapy followed by surgery is the optimal choice for
treating patients with resectable and borderline RPC. Future research should focus on optimizing neoadjuvant chemoradiotherapy
regimens to effectively improve OS while reducing the occurrence of adverse events.
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Introduction

Pancreatic cancer is known for its poor overall prognosis and low
resectability rates[1]. Despite tumor removal, long-term survival
remains limited. Based on the extent of venous and arterial

vascular involvement, nonmetastatic pancreatic cancer can be
categorized into three groups: resectable, borderline resectable,
and locally advanced[2]. Complete surgical resection at an early
stage is the sole curative option for pancreatic cancer, as such,
adjuvant therapy after surgery has become the standard
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treatment for resectable pancreatic cancer (RPC). Unfortunately,
owing to a lack of early clinical symptoms and efficient screening
modalities, most patients suffer from locally advanced or meta-
static cancer during their initial presentation. Consequently, it is
estimated that only 20% of newly diagnosed patients are suitable
for resection without undergoing neoadjuvant treatment[3]. Yet,
even in this most favorable cohort with RPC, up to 80% of
patients recur after a short recurrence-free interval[4–6]. This high
rate of recurrence has been attributed to the presence of occult
micrometastatic disease at the time of resection and the lack of
effective systemic therapies[7,8], indicating that surgery alone is
typically inadequate.

Pancreatic cancer, similar to breast cancer, should be con-
sidered as a systemic disease[9] that necessitates systemic control.
Neoadjuvant chemotherapy (radiotherapy) has been proposed as
a new therapeutic strategy to convert unresectable tumors into
resectable ones and/or to improve the resection rate of negative
margins and reduce the incidence of lymph node metastasis. First,
current guidelines for locally advanced pancreatic cancer (LAPC)
recommend a multidisciplinary approach for nonsurgical man-
agement in well-performed patients. A meta-analysis comprising
19 trials found that unresectable diseases, including borderline
resectable pancreatic cancer (BRPC) and LAPC achieved com-
parable survival outcomes to RPC after neoadjuvant therapy[10].
Secondly, the most recent National Comprehensive Cancer
Network Guidelines recommend the utilization of neoadjuvant
chemoradiotherapy for BRPC, although these recommendations
lack high-quality evidence[11,12]. In the real-world setting, the
application of neoadjuvant chemoradiotherapy, particularly in
RPC, remains controversial. Despite a few randomized controlled
trials (RCTs) indicating improved survival rates in RPC or BRPC
patients with the use of neoadjuvant chemoradiotherapy, these
trials are limited by small sample sizes[13,14]. Thus, it is still
necessary to aggregate existing research and conduct a compre-
hensive meta-analysis. Furthermore, to the best of our knowl-
edge, although several meta-analyses have investigated the effect
of neoadjuvant therapy compared with upfront surgery on
nonmetastatic pancreatic cancer and concluded its certain
advantages[15–18], there is limited literature that has comprehen-
sively compared the neoadjuvant chemoradiotherapy and
neoadjuvant chemotherapy. For example, van Dam et al.[16]

conducted a meta-analysis comparing the overall survival (OS) of
the two neoadjuvant treatments with surgery, and ultimately
found both to be superior to surgery. However, they were unable
to determine the relative superiority of the two neoadjuvant
treatments, Therefore, further research in this area is warranted.

This study aims to conduct a network meta-analysis (NMA) of
RCTs evaluating the survival outcomes and resection of neoad-
juvant chemoradiotherapy, neoadjuvant chemotherapy, and
upfront surgery in patients with RPC, BRPC, and LAPC. The goal
is to provide valuable insights into selecting appropriate treat-
ment options.

Patients and Methods

Protocol registration

This NMA was registered in PROSPERO and the unique iden-
tifying number of the study was CRD42023409228. Moreover,
this work has been reported in line with PRISMA, Supplemental
Digital Content 1, http://links.lww.com/JS9/C123, Supplemental

Digital Content 2, http://links.lww.com/JS9/C124 (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)[19]

and AMSTAR, Supplemental Digital Content 3, http://links.lww.
com/JS9/C125 (Assessing the methodological quality of
systematic reviews) Guidelines[20].

Data sources and search

PubMed, Embase, Cochrane Database, and Web of Science were
searched using the search strategy from January 1, 2009, which
was the date of introducing the anatomical subtypes of pancreatic
ductal adenocarcinoma, namely RPC, BRPC, and LAPC[21,22], to
September 1, 2023. The search strategy in PubMed included the
following domains of Medical Subject Heading terms: “pan-
creatic neoplasms” and “neoadjuvant Therapy”. These terms
were combined with “AND” or “OR” within the limitations of
RCTs, which were provided in Supplementary Figure 1,
Supplemental Digital Content 4, http://links.lww.com/JS9/C126.
Additionally, relevant reviews and references of the included
trials were manually searched to identify any additional relevant
references.

Study selection

We included trials that met the following criteria:
(1) Participants: patients conformed to the diagnostic criteria of

RPC, BRPC, or LAPC.
(2) Compare two of the three treatment strategies: neoadjuvant

chemoradiotherapy, neoadjuvant chemotherapy, and upfront
surgery.

(3) Reporting at least one of the following clinical outcomes: OS,
resection rate, margin negative resection (R0) rate, patholo-
gical negative lymph node (pN0) rate, and incidence of
Grade ≥3 treatment-related adverse events.

(4) Study type: RCTs.

Data extraction and risk of assessment

The study period, institution, and the number of participants, as
well as information on treatments and protocols such as inter-
vention and control regimens, along with outcome measures,
were gathered and documented in a spreadsheet. Two indepen-
dent authors conducted article evaluations and data extraction to
avoid potential evaluation bias, while a third researcher resolved
any discrepancies. The quality and risk of bias of RCTs were
subsequently assessed using the Cochrane Risk of Bias Tool 2[23],
including random sequence generation, allocation sequence
concealment, blinding, incomplete outcome data, selective
publication, and other sources of bias.

Outcomes

We integrated all relevant evidence in a Bayesian framework,
such as hazard ratios (HRs) with corresponding 95% CI for
survival outcomes and odds ratios (OR) for binary outcomes. The
primary outcomewasOS, while the secondary outcomes were the
Resection rate, R0 resection rate, pN0 rate, and Grade greater
than or equal to 3 treatment-related adverse events rate. R0 was
defined as no tumor invasion within 1 mm of the surgical margin,
and Grade greater than or equal to 3 treatment-related adverse
events rate typically refers to the Common Terminology Criteria
for Adverse Events (CTCAE) scale, which is a standard system
used to grade the severity of adverse events that occur during
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cancer treatment. Grade 3 adverse events are considered severe,
leading to significant interference with daily activities and may
require medical intervention. For the primary outcome,HRswere
extracted from the articles in which these data were provided. If
the HRs were not reported, using indirect methods based on the
survival curve provided in the article with Engauge Digitizer 4.1
software (Markmitch, Boston, Massachusetts)[24].

Data synthesis and analysis

Statistical analyses were performed using STATA version 16.0
software. Q test and I2 statistic were used to evaluate hetero-
geneity across the involved studies. When I2 less than 50% and P
greater than 0.10, the fixed effect model was used to combine
data sets. Otherwise, the random effect model was applied[25].
For the HR and 95% CI of the outcome indicators of the OS.
Bayesian NMA was performed using the JAGS and GEMTC
packages in R.3.6.1 and Markov chain Monte Carlo simulation
technology[26] with 50 000 sample iterations, 50 000 burn-in
cycles, and a thinning interval of 10[27]. Hypotheses were assessed
using a node-splitting method, which assesses the difference
between indirect and direct evidence, and a consistency model
was used when P greater than 0.05. We used the Surface Under
the Cumulative Ranking (SUCRA) curve to assess the likelihood
of each treatment method being ranked as the top choice, with
higher SUCRA values indicating greater probability[28].
Sensitivity analysis was conducted to explore the source of het-
erogeneity, and publication bias was assessed using a funnel plot.

Result

Eligible studies and characteristics

A total of 2363 studies were initially identified from electronic
databases (PubMed: 1228; Embase: 306; Cochrane Database:
395; Web of Science: 414; Other sources: 20). After removing
duplicates and irrelevant studies based on title and abstract
(Including topics related to literature reviews, conferences, letters,
animal experiments, and content inconsistencies), 104 studies
underwent full-text review, and 9 RCTs[13,14,29–35] were included
in the final data synthesis (Fig. 1), one of these studies was a four-
arm study.

The characteristics of the included studies are summarized in
Table 1. Of these nine studies, four included patients with RPC
disease, three with BRPCdisease, and two includedRPC/BRPC and
LAPC tumors, respectively. Table 2 summarizes the characteristics
of patients who underwent chemoradiotherapy, chemotherapy,
and upfront surgery. Of the 889 patients, 303 (34%) were assigned
to neoadjuvant chemoradiotherapy, 237 (26.7%) were allocated to
neoadjuvant chemotherapy, and 349 (39.3%) received upfront
surgery. Among them, six studies[13,14,29,31–33] reported the pro-
portion of patients receiving adjuvant chemotherapy, with 142 out
of 208 patients (68.3%) undergoing upfront surgery, 64 out of 141
patients (45.4%) in the neoadjuvant chemotherapy group, and 96
out of 251 patients (38.2%) in the neoadjuvant chemoradiotherapy
group. Two studies further reported the number of patients who
completed adjuvant chemotherapy, with 42 out of 69 patients in
the neoadjuvant chemoradiotherapy group and 41 out of 78
patients in the upfront surgery group, while no reporting was
available for the neoadjuvant chemotherapy group.

Baseline information was available in eight articles[13,14,29,31–35] ,
including a total of 771 patients. Among them, the proportion of
male patients was 50.3% (49.5% in the neoadjuvant chemor-
adiotherapy group, 53.4% in the neoadjuvant chemotherapy
group, and 49.3% in the upfront surgery group). There was a total
of 299 patients with pancreatic head cancer, accounting for 38.8%
of the total (21.8% in the neoadjuvant chemoradiotherapy group,
30% in the neoadjuvant chemotherapy group, and 62.1% in the
upfront surgery group). The final combined rates for neoadjuvant
chemoradiotherapy, neoadjuvant chemotherapy, and upfront sur-
gery were as follows: resection rate of 54.4, 64.45, and 75.5%, R0
resection rate of 69.8, 64.1, and 41.9%, pN0 rate of 53.6, 40, and
22.5%, and grade greater than or equal to 3 treatment-related
adverse events of 41.8, 46.1, and 19.9%.

Overall, all studies used at least chemotherapy as neoadjuvant
treatment, the common regimens included Gemcitabine (eight stu-
dies, N=540), and modified FOLFIRINOX (mFOLFORINOX) in
one study (N=126). Gemcitabine was also the main adjuvant
chemotherapy regimen in almost all studies. Seven studies reported
specific radiotherapy regimens and doses, no study used radio-
therapy as the sole neoadjuvant treatment, total administered dose
ranged from 25 to 50.4 Gy. One of these studies included 40
patients (73%) who received stereotactic body radiation therapy
(SBRT) [35 (87.5%)] or hypofractionated image-guided radiation
therapy [5 (12.5)], treatment with SBRT comprised 33–40 Gy in
five fractions, and hypofractionated image-guided radiation ther-
apy comprised 25 Gy in five fractions.

A common risk of bias in these studies is the within-study and
between-study heterogeneity of neoadjuvant therapy (Supplementary
Fig. 2, Supplemental Digital Content 5, http://links.lww.com/JS9/
C127; Supplementary Fig.3, Supplemental Digital Content 6, http://
links.lww.com/JS9/C128). In addition, the duration of follow-up
varied widely among the studies, with a minimum of 12.2 months
and amaximumof 61months in known data. Furthermore, different
criteria were used for resectability. One study decided on early ter-
mination based on the statistical significance effect of neoadjuvant
therapy.

Survival analysis

Eight studies (including only PRC/BRPC)[13,14,29,31–33,35] invol-
ving 803 patients were assessed in the comparison of OS (Fig. 2),
neoadjuvant chemoradiotherapy prolonged the OS of patients
significantly compared with neoadjuvant chemotherapy (HR:
0.79, 95% CI: 0.64–0.98) and upfront surgery (HR: 0.79, 95%
CI: 0.67–0.93). The SUCRA value of chemoradiotherapy (0.99)
was the largest for OS, including its likelihood of being ranked
first, followed by upfront surgery (0.26) and neoadjuvant che-
motherapy (0.24) (Supplementary Fig. 4, Supplemental Digital
Content 7, http://links.lww.com/JS9/C129).

Resection rate

A total of eight RCTs[13,14,29–33,35] were summarized and com-
bined, and the results indicated that neoadjuvant chemor-
adiotherapy showed a significantly lower resection rate over
upfront surgery (Fig. 3A, OR: 0.52, 95% CI: 0.34–0.80), and
neoadjuvant chemotherapy did not show superior efficacy in
resection rate when compared to upfront surgery (OR: 0.71, 95%
CI: 0.41–1.23). Furthermore, the SUCRA revealed that upfront
surgery accounted for a higher probability of success (Fig. 4A)
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compared to neoadjuvant chemotherapy and neoadjuvant
chemoradiotherapy.

R0 resection rate

By utilizing an NMA approach, we conducted a comparative
analysis of the effects of these different therapies on the R0
resection rate. Our study findings indicate that neoadjuvant
chemoradiotherapy was more effective in achieving the R0
resection rate in comparison to upfront surgery alone (Fig. 3B,
OR: 5.90, 95% CI: 2.67–12.47), as depicted in Fig. 4B.
Additionally, neoadjuvant chemotherapy considerably increased
the R0 resection rate compared to upfront surgery (OR: 4.43,
95% CI: 1.61–12.26).

Pathological negative lymph node rate

Seven out of the nine studies[13,14,29,31–33,35] included in the
analysis reported the number of people with pathological nega-
tive lymph nodes. Our integrated data analysis revealed that the
probability of achieving pN0 was significantly higher with
neoadjuvant chemoradiotherapy compared to upfront surgery
alone (Fig. 3C, OR: 3.90, 95% CI: 1.98–8.38). Similarly, the
probability of achieving pN0 was also higher with neoadjuvant
chemotherapy compared to upfront surgery (OR: 3.53, 95% CI:

1.60–7.97). And the SUCRA of neoadjuvant chemoradiotherapy
was higher than neoadjuvant chemotherapy (Fig. 4C).

Grade ≥ 3 treatment-related adverse events rate

A multitude of grade greater than or equal to 3 treatment-related
adverse events were reported in seven studies[13,14,29,31–34], with
gastrointestinal toxicity (nausea, vomiting, and diarrhea),
hematological abnormalities (neutropenia, anemia, and throm-
bocytopenia), and infection being the most prevalent. Notably,
Loehrer et al.[34] found that while grade 3 and 4 toxicities were
comparable between the chemoradiotherapy and chemotherapy
groups (79% vs. 77%), grade 4 and 5 toxicities were con-
siderably higher in the former (41%) than the latter (9%), with
each group experiencing one grade 5 toxicity event (acute
respiratory distress syndrome and cardiac ischemia). Despite no
statistically significant association between adverse events and
treatment choice (Fig. 3D), the risk was numerically highest with
neoadjuvant chemoradiotherapy and lower with upfront surgery
(Fig. 4D). Katz et al.[33] reported a grade 3 or higher toxicity rate
of 64% in the chemoradiotherapy group in a trial comparing
preoperative mFOLFIRINOX plus hypofractionated radio-
therapy to mFOLFIRINOX alone.

Figure 1. Flow diagram of literature search and selection process.
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Table 1
Demographics of included studies

References Institution Country Period of study
median

follow-up(m) Tumor Definition of status Patients (n) Male (%) Median age (y)

Casadei et al.[29] Single- Italy 2003–2009 40 PR < 180 SMV/PV; No CA/HA/SMA contact 38 57.9 70 (48–79)
Reni et al.[14] Multi- Italy 2010–2015 54.5 PR No invasion of

SMA/SMV/PV/CA/HA
88 59 66 (37–75)

Versteijneet al.[35] Multi- Netherlands 2013–2017 27 PR/BR PR:< 90 SMV/PV; No CA/HA/SMA contact
BR:< 90CA/HA/SMA; No 90–270 PV/SMV contact

246 56 67 (59–73)

Loehrer et al.[34] Single- American 2003–2005 N/A LAPC Cytologic or histologic evidence of locally unresectable, or not
complete resection based on clinical or radiographic

71 52.1 66.2 (46.9–83.7)

Jang et al.[13] Multi- Korea 2012–2014 24 BR 2012 NCCN criteria 50 64 59
Golcher et al.[32] Multi- Germany 2003–2009 61 PR ≤ 180 HA/SMA/CA 66 53 63.9 (33–76)
Katz et al.[33] Multi- American 2016–2019 43 BR NA 126 51 64 (37–83)
Ettrich et al.[30] Multi- Germany 2015–2019 NA PR No CA/HA/SMA contact 118 56.3 56
Ghaneh et al.[31] Multi- United Kingdom 2014–2018 12.2 BR 2013 NCCN criteria 86 44 63.5

BR, borderline resectable; CA, celiac axis; HA, hepatic artery; NA, not available; NCCN, National Comprehensive Cancer Network; PR, potentially resectable; PV, portal vein; SMA, superior mesenteric artery; SMV, superior mesenteric vein.

Table 2
Characteristics of the randomized controlled trials included in the meta-analysis

References Intervention Control Regimen Participants Median OS
Resection
rate (%)

R0 resection
rate (%)

pN0
rate (%)

Grade ≥ 3 treatment-related
adverse events (%)

Casadei et al.[29] ChemoRT US Gem+ RT (45 Gy) 18 vs. 20 22.4 vs. 19.5 61.1 vs. 75 63.6 vs. 33.3 45.5 vs. 13.3 38.9 vs. NA
Reni et al.[14] Chemo US Gem/Cis/Epi/Cap 32 vs. 56 38.2 vs. (20.4–26.4) 84.4 vs. 87.5 63 vs. 32.7 48.1 vs. 26.5 11.1 vs. 20.4
Versteijne et al.[35] ChemoRT US Gem+ RT (36 Gy) 119 vs. 127 15.7 vs. 14.3 60.5 vs. 72.4 72.1 vs. 42.7 64.7 vs. 18.3 NA
Loehrer et al.[34] ChemoRT Chemo Gem+ RT (50.4 Gy) and Gem 34 vs. 37 11.1 vs. 9.2 NA NA NA 82.4 vs. 80
Jang et al.[13] ChemoRT US Gem+ RT (45 Gy) 27 vs. 23 22.4 vs. 19.5 63 vs. 78.3 82.4 vs. 33.3 70.6 vs. 16.7 11.1 vs. 4.3
Golcher et al.[32] ChemoRT US Gem, Cis+ RT (55.8 Gy) 33 vs. 33 25 vs. 18.9 57.6 vs. 69.7 89.5 vs. 69.6 68.4 vs. 43.5 26.3 vs. 47.8
Katz et al.[33] ChemoRT Chemo mFOLFIRINOX+ RT(33–40 Gy) vs.

mFOLFIRINOX
56 vs. 70 17.1 vs. 29.8 33.9 vs. 45.7 73.7 vs. 87.5 47.4 vs. 46.9 63.6 vs. 56.9

Ettrich et al.[30] Chemo US Gem+ PTX 59 vs. 59 25.2 vs. 16.7 69.5 vs. 78 87.8 vs. 67.4 33.3 vs. 29.5 NA
Chemo US Gem/Cap 39 vs. 31 56.4 vs. 67.7 18.2 vs. 14.3 31.8 vs. 9.5 36.1 vs. 7.1

Ghaneh et al.[31] ChemoRT US Cap+ RT (50.4 Gy) 16 vs. 31 NA 50 vs. 67.7 37.5 vs. 14.3 25 vs. 9.5 28.6 vs. 7.1
ChemoRT Chemo Cap+ RT (50.4 Gy) vs. Gem/Cap 16 vs. 39 50 vs. 56.4 37.5 vs. 18.2 25 vs. 31.8 28.6 vs. 36.1

Cap, capecitabine; Cis, cisplatin; Epi, epirubicin; Gem, gemcitabine; NA, not available; PTX, Paclitaxel; US, upfront surgery.
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Discussion

Our study builds upon previous research by incorporating recent
and high-quality RCTs with a larger sample size, thus enabling
more precise conclusions to be drawn. We demonstrate that
neoadjuvant chemoradiotherapy might prolonged the OS of PRC
and BRPC. Upon conducting indirect comparisons to explore
secondary outcomes, our findings are consistent with previous
meta-analyses, indicating that patients except for LAPC who
received neoadjuvant therapy have lower resection rates than
those who underwent upfront surgery. This phenomenon may be
attributed to several factors. First, neoadjuvant therapy may not
effectively control the tumor in all tumors, as not all tumors may
be reduced or eliminated[33,36]. Second, neoadjuvant therapymay
cause adverse effects on the patient’s body, with chemotherapy
and radiotherapy potentially resulting in a range of toxicities,
such as nausea, vomiting, fatigue, and hair loss, which may
impact the patient’s physical performance and increase the diffi-
culty or risk of surgery[37]. Third, some patients may be unsui-
table for surgery due to the presence of other health problems that
may contribute to a lower surgical resection rate, even if the
tumor is controlled after neoadjuvant therapy. Furthermore, the
R0 resection rate and pN0 rate are important factors that impact
patient survival, and neoadjuvant therapy is superior to upfront
surgery in this regard, which supports the notion that neoadju-
vant therapy leads to higher OS. However, it is important to note
that the definition of R0 resection may vary between studies[11],
and this can potentially affect the final statistical analysis.
Interestingly, the SUCRA of neoadjuvant chemoradiotherapy
was the largest in R0 resection rate and pN0 rate, but also had the
highest risk of grade 3 and above treatment-related adverse
events, however, given that this complication encompassed
patients diagnosed with LAPC, it is essential to exercise caution
when interpreting its influence on the outcomes. This highlights
the importance of weighing the potential advantages and draw-
backs of different neoadjuvant strategies in pancreatic cancer

management and underscores the need for a personalized treat-
ment approach tailored to the specifics of each patient’s case.
Further studies are needed to provide more conclusive evidence
and develop innovative strategies to optimize neoadjuvant ther-
apy for pancreatic cancer patients.

The initial application of neoadjuvant therapy was primarily
aimed at patients with advanced or locally advanced breast
cancer who were not eligible for surgery[38]. In contrast, in other

Figure 2. Node-splitting method in comparison between direct and indirect evidence of overall survival (OS). CRT, chemoradiotherapy; CT, chemotherapy; HR,
hazard ratio; US, upfront surgery.

A

B

C

D

Figure 3. Odds ratios and 95% CIs for three treatment comparisons:
(A) Resection rate, (B) R0 resection rate, (C) pathological negative lymph node
rate, (D) grade greater than or equal to 3 treatment-related adverse events rate.
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tumors, particularly pancreatic cancer, neoadjuvant therapy is
generally considered to be mainly used for RPC or BRPC, while
the term “conversion therapy” is more applicable to some
patients with locally advanced or metastatic cancer. However,
with advancements in surgical techniques, the two treatment
strategies are now occasionally combined to achieve better
treatment outcomes. Furthermore, patients who undergo upfront
surgical treatment often receive additional adjuvant therapy at a
later stage to further improve their chances of survival.
Nevertheless, a minority of patients may refuse or prematurely
terminate adjuvant therapy due to various reasons, which might
affect the reliability of the associated findings. Therefore, this
investigation represents a novel NMA evaluating the survival
outcomes and feasibility of neoadjuvant therapy in patients with
RPC, BRPC, and LAPC. While Hu et al.[39] have previously
examined this topic, its scope was limited to only retrospective
studies, including 14 studies, and focused solely on OS and R0
resection rates. A direct comparison between the two neoadju-
vant treatments revealed superior OS with neoadjuvant che-
moradiotherapy. The NMA, which indirectly compares the
treatments, did not reach the same conclusion regarding OS
and only demonstrated a significant difference in terms of

R0 resection rates. Additionally, it identified a potential asso-
ciation between neoadjuvant chemotherapy and increased post-
operative complications.

For pancreatic cancer, an outstanding concern is the use of
neoadjuvant radiation therapy in addition to neoadjuvant che-
motherapy. Previous studies have investigated neoadjuvant
radiotherapy using conventional or hypofractionated radiation,
but the protocols used in these studies were inconsistent, and
stereotactic body radiation therapy was not applied in most of
them. The present study[40] utilized data from the National
Cancer Data Base database and analyzed the survival outcomes
of RPC patients who received preoperative chemotherapy alone,
preoperative concurrent chemoradiotherapy, and preoperative
SBRT with chemotherapy between 2010 and 2015. The results
showed that patients treated with SBRT with chemotherapy had
significantly improved survival compared to preoperative che-
motherapy alone (30 vs. 21 months, P= 0.02) and concurrent
chemoradiotherapy (29 vs. 16 months, P=0.002). Recently, a
phase II trial (Alliance A021501)[33] has investigated the use of
SBRT as a neoadjuvant option for BRPC. However, there is still a
lack of well-studied evidence for the effectiveness of SBRT as
neoadjuvant therapy in this patient population. The A021501

Figure 4. The cumulative ranking plot with the surface under the cumulative ranking curve (SUCRA) for the outcome: (A) resection rate, (B) R0 resection rate,
(C) pathological negative lymph node rate, (D) grade greater than or equal to 3 treatment-related adverse events rate. NACRT, neoadjuvant chemoradiotherapy;
NACT, neoadjuvant chemotherapy; US, upfront surgery.
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trial randomly assigned patients with BRPC to either chemor-
adiotherapy or chemotherapy alone, and the results showed an
OS of 17.1 months versus 29.8 months, a resection rate of 33.9
versus 45.7%, and a rate of grade 3 or higher adverse events of 64
versus 57%, respectively. Based on these findings, the che-
motherapy groupwas considered to bemore effective, and the use
of chemoradiotherapy was rejected. Also in the CONKO 007
phase III trial[41], patients with LAPC were allocated to receive
induction chemotherapy followed by chemoradiotherapy or
chemotherapy. The study found that while OS rates did not sig-
nificantly differ between the two groups, the chemoradiotherapy
group experienced significantly higher rates of grade 3 or higher
adverse events compared to the chemotherapy group (70 vs.
40%). These results suggest that the efficacy and toxicity of
radiotherapy are dependent on the specific subtype and dose of
treatment administered and that the addition of radiotherapy
may not always be the best choice for treating all pancreatic
cancer. To determine the ideal subtype and dose of radiotherapy
for treating pancreatic cancer, further prospective randomized
evaluations are needed. It is also important to acknowledge the
heterogeneity of radiotherapy available for treating pancreatic
cancer, which can significantly impact OS rates in patients.

Retrospectively, neoadjuvant therapy has emerged as a pre-
ferred treatment option for numerous gastrointestinal malig-
nancies, and extensive clinical investigations have focused on
refining this therapeutic modality. Rectal adenocarcinoma serves
as an exemplary model, as several phase III trials have explored
the optimal neoadjuvant therapy regimens[42,43]. However, there
is an imperative need to shift our attention towards pancreatic
cancer and to gain a better understanding of how to optimize
neoadjuvant therapy for this malignancy. This entails identifying
the most effective combination of chemotherapeutic agents,
determining the appropriate duration of therapy, evaluating the
usefulness of different radiation therapy strategies, exploring the
utility of biomarkers such as CA19-9 or molecular subtypes in
guiding neoadjuvant therapy, whether it can be used as a pre-
dictive biomarker for determining the ideal neoadjuvant treat-
ment strategy, and the optimal timing of surgery after
neoadjuvant therapy. In particular, the timing of surgery remains
a subject of exploration in the management of pancreatic cancer.
Following neoadjuvant chemoradiotherapy, surgical resection is
typically performed 4–8 weeks after radiotherapy completion.
However, the optimal timing of surgery after neoadjuvant che-
moradiotherapy has not been well established in BRPC and
LAPC patients. Lin et al.[44] suggested that performing surgery
within 6 weeks after completing SBRT might be associated with
improved local control, independent of other prognostic factors.
However, this timing also carries potential complications such as
anatomic disruption or fibrosis that pose greater surgical chal-
lenges. While the benefits of early surgery after SBRT are pro-
mising, additional research is necessary to thoroughly assess both
the advantages and potential drawbacks of this timing strategy,
and to determine if it is appropriate for all patients. An informed
and collective approach involving collaboration between multi-
disciplinary teams of radiation oncologists and surgeons is needed
to optimize the timing and maximize the benefits of neoadjuvant
therapy and surgery in pancreatic cancer management.

To summarize, it is important to acknowledge the limitations
of this study when interpreting the results. First, the number of
studies included in the analysis was relatively small, and the
sample sizes of these studies were modest. Consequently, it was

not possible to perform subgroup analyses to compare the effec-
tiveness of different neoadjuvant treatment regimens for pan-
creatic cancer, particularly in determining which types of patients
are more suitable for receiving neoadjuvant chemoradiotherapy
and whether changes in their CA19-9 levels have prognostic value.
Second, the heterogeneity of the neoadjuvant treatment protocols
utilized in the studies precluded meaningful subgroup analyses.
Third, some studies had to be terminated prematurely due to
cumulative patient adverse events, and the ultimate OS outcomes
failed to exhibit statistically significant differences. Fourth, the
majority of the included studies have focused on gemcitabine as
single-agent neoadjuvant chemotherapy, while contemporary
practice favors multiagent chemotherapy regimens. Some research
is already underway to explore the advantages and disadvantages
of mFOLFIRINOX as a neoadjuvant treatment measure (such as
NCT04927780, NCT03991962, NCT02128100), but the results
have not been published. The Alliance A02150 is the only RCT
which showed a benefit of mFOLFIRINOX over additional
radiation. Therefore, future research should evaluate the efficacy
and safety of different neoadjuvant therapy strategies for pan-
creatic cancer. This would enable further investigations into the
most effective neoadjuvant treatment protocols for different stages
of pancreatic cancer. Clinicians also need to consider the limita-
tions of the existing literature when making therapeutic decisions
and individualize treatment plans based on the unique character-
istics of each patient to achieve the optimal therapeutic outcome.
In this article, although the concept of what neoadjuvant therapy
should be offered to RPC is hard to determine, patients with T1
and T2 lesions without evidence for distant metastasis or lymph
node involvement do not usually receive neoadjuvant treatments.
However, based on existing research results[45], it can be suggested
that if these patients have elevated serum Ca19-9 levels, they
should be recommended to receive neoadjuvant therapy. As a
result, according to findings from this meta-analysis, these treat-
ments might include neoadjuvant chemoradiotherapy, even for
T1/T2 N0 lesions. Furthermore, we need to look into the future,
and another method to determine which RPC patients (such as T1/
T2, N0) should receive neoadjuvant chemoradiotherapy could be
through radiomics. A recently published concept[46], AiRGOS
(Artificial Intelligence, Radiomics, Genomics, Oncopathomics and
Surgiomics), proposes using radiomic analysis of preoperative CT
scans or MRI to help identify which patients would benefit from
neoadjuvant and/or adjuvant treatments. Ultimately, this platform
(AiRGOS) could also integrate other things such as pathomic,
genomics and surgomic data to an algorithm to yield truly per-
sonalized medicine via an essentially AI-powered tumor board.

Conclusions

Our NMA demonstrated that neoadjuvant chemoradiotherapy
followed by surgery is the optimal choice for treating patients
with RPC and BRPC. Nevertheless, it is worth noting that the
current best available evidence does not encompass multiagent
contemporary chemotherapy regimens. Therefore, more defini-
tive conclusions will rely on the results of future RCTs. Further
research is essential to establish stratification to improve OS and
minimize treatment-related adverse events. Additionally, radio-
mics, as proposed by AiRGOS, offers a promising avenue to
determine the suitability of neoadjuvant chemoradiation for
patients. Ultimately, we anticipate close collaboration among
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multidisciplinary teams to bring about greater benefits for awider
range of cancer patients, including those with pancreatic cancer.
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