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Simple Summary: Pancreatic cancer is a highly aggressive disease, and elderly patients,
though they represent a numerically significant population, often face additional challenges
due to comorbidities and lower tolerance to intensive treatments. Neoadjuvant therapy
has been increasingly used to improve surgical outcomes and overall survival, but its role
in elderly patients remains unclear. This systematic review evaluates current evidence on
NAT in elderly patients with resectable, borderline, or locally advanced pancreatic cancer.
We analyzed survival outcomes, resection rates, and treatment-related toxicity. Results
suggest that NAT can increase R0 resection rates and improve survival in elderly patients,
despite a higher incidence of adverse events. Personalized treatment regimens, such as less
intensive chemotherapy protocols, may enhance tolerability without compromising efficacy.
These findings support the inclusion of elderly patients in NAT protocols, emphasizing the
importance of individualized treatment planning based on functional status rather than
age alone.

Abstract: Background/Objectives: Neoadjuvant therapy (NAT) improves surgical out-
comes in pancreatic cancer, but its role in elderly patients remains unclear. Due to co-
morbidities and lower chemotherapy tolerance, assessing NAT’s benefits and risks in this
population is essential. This systematic review assesses the impact of NAT on overall
survival (OS), surgical resection rates, and treatment-related toxicities(G3-4) in elderly
patients with resectable, borderline, or locally advanced pancreatic cancer. Methods: A
systematic search was conducted in PubMed, MEDLINE, EMBASE, Scopus, and Cochrane
databases according to PRISMA guidelines. Studies reporting that NAT outcomes in elderly
patients (≥70 years) were included. The Newcastle–Ottawa scale was used to assess study
quality. Subgroup analyses compared NAT versus upfront surgery and outcomes in elderly
versus younger patients. Results: Twelve studies (four prospective and eight retrospective)
including 11,385 patients met the inclusion criteria. Among 9580 elderly patients, only
24% underwent NAT. NAT significantly improved R0 resection rates compared to upfront
surgery (p < 0.001), and elderly patients receiving NAT had a median OS of 26.5 (range
15.7–39.1) months versus 20.3 months (range 11.5–23.8) of upfront surgery and versus
36.2 months (range 23.6–43.0) of NAT in young patients. Elderly patients experienced
higher rates of major toxicities (17–57.5%). Personalized regimens, such as gemcitabine/nab-
paclitaxel, were better tolerated than FOLFIRINOX. Conclusions: NAT is associated with
improved survival and surgical outcomes in elderly pancreatic cancer patients, despite a
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higher risk of adverse events. Patient selection based on performance status rather than
age alone is essential to optimize treatment benefits. Further prospective trials are needed
to refine treatment approaches in this population.

Keywords: pancreatic cancer; elderly patients; neoadjuvant therapy; resectable pancreatic
cancer; borderline pancreatic cancer

1. Introduction
Pancreatic cancer is the seventh leading cause of cancer-related mortality worldwide,

with higher prevalence in developed countries [1]. Despite treatment improvements, the
5-year survival rate remains around 9%, reflecting the poor prognosis associated with this
disease, as indicated by a 94% mortality-to-incidence ratio [1]. The median age at diagnosis
is approximately 70 years, and 68.4% of cases occur in patients over the age of 65 [2].

In early-stage resectable pancreatic tumors, the treatment of choice is curative-intent
surgery, often followed by adjuvant chemotherapy [3]. Although surgery is recommended
as the standard treatment for stage I and II pancreatic tumors, only about 20% of patients are
eligible for surgical intervention at diagnosis due to the presence of advanced or metastatic
disease [4,5]. Pancreatic resection is associated with perioperative morbidity rate of 40–60%
and mortality rate of 2–3% [6]. Despite surgical treatment, prognosis remains poor, with a
median overall survival ranging from 17 to 36 months [7].

Neoadjuvant therapy (NAT) gaining interest as an option to improve surgical out-
comes. Neoadjuvant treatment may reduce tumor size, control micrometastatic disease,
and allow clinicians to exclude patients who develop metastases during treatment, thereby
potentially reducing perioperative morbidity [8]. Neoadjuvant therapy could also avoid
surgery for the 15–20% of patients who develop metastatic disease; the presence of metas-
tases precludes surgical resection [9,10]. Additionally, neoadjuvant therapy may shrink
borderline tumors and sterilize their margins, increasing the likelihood of achieving R0
resection [11,12].

Although recent studies on resectable pancreatic cancer have cast doubt on the utility
of neoadjuvant therapy [13] its role in borderline resectable disease appears to be more
established. Evidence from randomized trials supports its efficacy in this setting [14–16]
to the extent that neoadjuvant therapy has become the standard of care for borderline
resectable pancreatic cancer [17].

NAT has become an established treatment approach in several gastro-intestinal ma-
lignancies, demonstrating improved surgical outcomes and survival rates even in elderly
patients. In gastric cancer, NAT has been shown to enhance R0 resection rates and over-
all survival, including in the elderly patient subgroup, compared to those undergoing
surgery alone [18]. Furthermore, in colorectal cancer, neoadjuvant chemotherapy is a well-
integrated strategy, particularly for rectal cancer, where it has been linked to a reduction in
local recurrence rates and improved disease-free survival, even in older populations [19].

While there is no unanimous consensus on the use of neoadjuvant therapy in elderly
patients, limited evidence suggests that the efficacy and safety of this approach may be
comparable between patients over 70 years old and younger populations [5,20]. The
impact of neoadjuvant therapy in elderly patients remains underexplored; only few studies
stratified patients by age, and median age in clinical trials typically falls below that of the
general pancreatic cancer population [21].

In the decision-making process for the proper treatment in elderly patients, the current
literature lacks robust data on whether age alone should dictate therapeutic approaches.
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Rather, assessing the patient’s performance status (PS) is crucial [22]. Although elderly
patients are underrepresented in clinical trials, real-world studies suggest a survival benefit
for elderly patients who underwent neoadjuvant chemotherapy [22]. The literature also
supports that elderly patients surgically treated after NAT, despite being more susceptible
to comorbidities and complications, can achieve survival outcomes comparable to younger
patients [23].

To date, the literature lacks a systematic review specifically addressing the role of NAT
in elderly patients.

This review aims to evaluate the short- and long-term outcomes of neoadjuvant
therapy in resectable, borderline resectable (BR), and locally advanced (LA) pancreatic
cancer in elderly patients, including overall survival (OS), dropout, NAT regimens analysis,
time-to-recurrence (TTR), surgical resection rate, and major toxicities.

2. Materials and Methods
2.1. Information Sources

A systematic review to investigate the role of neoadjuvant therapy in resectable,
borderline (BR) and locally advanced (LA) pancreatic cancer in the elderly was performed.
The primary endpoint was overall survival, secondary endpoints were time-to-recurrence,
surgical resection rate, and major toxicities related to NAT.

PICOS criteria were set as outlined in Table 1.

Table 1. PICO Framework and the Question Statement.

Criteria PICOS Question

Population Elderly patients (>70 years) with pancreatic cancer

Intervention Neoadjuvant chemotherapy followed by surgery

Comparison
Neoadjuvant chemotherapy vs. upfront surgery;
neoadjuvant chemotherapy in young (<70 years) and
elderly patients (>70 years)

Outcomes OS, TTR, surgical resection rate, major toxicity

Study RCT, cohort studies, case control studies, case series
Legend: OS: Overall survival; TTR: time-to-recurrence, RCT: Randomized controlled trial.

The research project was registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO) with the protocol number CRD42024503616.

An extensive bibliographic search of the literature according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) 2020 checklist (Table S1).

A systematic search of MEDLINE, EMBASE, Cochrane Database of Systematic Re-
views, and Cochrane Central Register of Controlled Trials was performed. The reference
lists of included articles and relevant reviews were examined to identify additional relevant
publications for inclusion.

2.2. Inclusion and Exclusion Criteria

The present study included observational prospective and retrospective cohort studies,
Randomized Controlled Trials (RCT) reporting original data, published in full-text format;
studies about elderly (defined as those aged more than 70 years) patients with resectable,
borderline or locally advanced pancreatic cancer reporting OS; and, if available, TTR, major
toxicities, and surgical resection rate were also included.

The data analysis of the present study was performed collecting data on elderly
patients defined as older than 70 years in order to reduce risk of selection bias.
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Four studies used a cut-off of ≥70 years [4,6,24,25], while the remaining eight studies
considered patients ≥ 75 years [26–32].

There were no restrictions on publication date or language. Case reports, case series,
preclinical studies, and animal studies were excluded; studies involving metastatic setting
were also excluded.

2.3. Data Extraction

A search string in MEDLINE was performed and included relevant mesh in the
research field mixed with Boolean operator “AND” “OR”; the MeSH search headings used
were “pancreatic”, “elderly”, and “neoadjuvant”. The other databases were searched using
combinations of free text and Medical Subject Headings terms. The reference lists of the
included studies were manually searched for any relevant publications.

Two reviewers (E.O. and M.G.) independently reviewed identified studies in duplicate:
they screened titles and abstracts of all references identified from the initial search. The
full-text articles of potentially relevant publications were scrutinized by the two reviewers
in detail and inclusion criteria were applied to select eligible articles. Agreement was
recorded at each stage and reported as a kappa statistic. Disagreements between reviewers
were resolved through consensus.

From each eligible study, two reviewers independently extracted relevant information,
using a pre-specified standardized extraction form. Data were extracted from the selected
studies and entered into a standardized data collection form. The following variables
were recorded: first author, year of publication, publishing journal, country, sample size,
comparison group, participant demographics (age, sex, number of elderly patients, number
of elderly patients who underwent NAT and/or RT, ECOG PS), presentation characteris-
tics (pre-treatment level of CA 19.9), pancreatic cancer characteristics (location and size),
radiological stage (resectable, BR and LA) and TNM stage, neoadjuvant therapy details
(regimen, duration, radiotherapy), toxicity defined with CTCAE classification-Common
Terminology Criteria for Adverse Events, dropout rate for toxicity/disease progression)
and outcomes (OS, PFS and postoperative complications).

Studies were divided into two subgroups according to the comparison reported in
the studies; the first comparison was between elderly patients treated with NAT-followed
by surgery vs. upfront surgery, the second included young (defined as <70 years) and
elderly patients who underwent NAT followed by surgery. A further subgroups analysis
was conducted according to the different NAT regimens.

2.4. Study Quality Assessment

The methodological quality and potential risk of bias of included observational studies
were assessed at outcome level independently by two reviewers using the Newcastle–
Ottawa scale [33].

2.5. Statistical Analysis

Descriptive statistics will be employed to summarize the characteristics of the included
studies. This analysis will include measures such as frequencies, percentages, means,
medians, and ranges, as appropriate, to provide an overview of the study populations,
interventions, outcomes, and other clinically relevant variables.

3. Results
A database search identified 3869 studies. This was reduced to 2815 after the removal

of duplicates. A total of 2580 studies were excluded following title review, and a further
204 were removed following assessment of abstracts and papers according to the inclusion
criteria, 12 full-text articles met the inclusion criteria (Figure 1), 4 prospective cohort study
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and 8 retrospective cohort study. The characteristics of the selected study are shown
in Table 2.
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Figure 1. PRISMA 2020 flowchart.

Table 2. Characteristics of included studies.

Reference Study Design Patients n Study
Population Comparison Quality Score

Barbas 2012 [26] RCS 203 ≥75 yeas NAT vs. upfront
surgery 6

Cooper 2014 [24] RCS 179 >70 years NAT vs. upfront
surgery 7
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Table 2. Cont.

Reference Study Design Patients n Study Population Comparison Quality Score

Xie 2019 [27] PCS 903 >75 years NAT vs. upfront
surgery 8

Groen 2020 [6] PCS 3624 ≥70 years NAT vs. upfront
surgery 6

Rieser 2021 [28] RCS 158 ≥75 years NAT vs. upfront
surgery 7

Qiao 2023 [29] RCS 341 ≥75 years

NAT vs. upfront
surgery

NAT in <75 vs. NAT in
≥75

8

Nassoiy 2023 [4] RCS 5086 ≥70 years NAT vs. upfront
surgery 7

Miura 2015 [30] PCS 246 <75 and ≥75 NAT in <75 vs. NAT in
≥75 8

Weniger 2020 [25] RCS 165 ≤70 and >70 NAT in ≤70 vs. NAT
in >70 8

Oba 2021 [5] PCS 246 <70; 70–74; ≥75 NAT in <70 vs. 70–74
vs. ≥75 8

Suto 2023 [31] RCS 122 <75 and ≥75 NAT in <75 vs. NAT in
≥75 7

Suto 2024 [32] RCS 112 <75 and ≥75 NAT in <75 vs. NAT in
≥75 7

Legend: PCS: prospective cohort study; RCS: retrospective cohort study; NAT: Neoadjuvant chemotherapy.

Among the included studies, seven papers compared NAT and upfront surgery in
elderly patients [4,6,24,26–29] and five compared NAT outcomes among young and elderly
patients [5,25,30–32].

Characteristics of the Study Populations

Among the 11,385 patients analyzed, 9580 patients (84.1%) were elderly (≥70 years),
and, among them, 6359 (66.3%) patients were older than 70 years and 3221 older than
75 years (33.6%). Among the 9580 elderly patients (≥70 years), 5010 (52.2%) were female.

General characteristics of patients, criteria for resectability, and staging are summa-
rized in Table 3.

Table 3. Elderly patients’ general characteristics.

Reference
Elderly
Patients

(n)

Gender F
(n)

Elderly
NAT
(n)

R
(n)

BR
(n)

LA
(n)

Stage I
(n)

Stage II
(n)

Stage III
(n)

Barbas 2012 [26] 32 19 22 NR NR NR NR NR NR

Cooper 2014 [24] 179 85 153 153 26 0 NR NR NR

Xie 2019 [27] 384 177 83 NR NR NR 88 296 0

Groen 2020 [6] 2563 1977 800 NR NR NR 1105 2519 0

Rieser 2021 [28] 158 98 68 158 0 0 39 * 60 * 56 *

Qiao 2023 [29] 138 24 52 NR NR NR 31 22 1
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Table 3. Cont.

Reference
Elderly
Patients

(n)

Gender F
(n)

Elderly
NAT
(n)

R
(n)

BR
(n)

LA
(n)

Stage I
(n)

Stage II
(n)

Stage III
(n)

Nassoiy 2023 [4] 5086 2640 939 NR NR NR 431 508 0

Miura 2015 [30] 36 15 36 19 17 0 9 * 14 * 0

Weniger 2020 [25] 33 17 33 0 19 14 NR NR NR

Oba 2021 [5] 34 18 34 0 24 10 NR NR NR

Suto 2023 [31] 44 23 44 33 11 0 1 * 36 * 2 *

Suto 2024 [32] 43 21 43 31 12 0 21 * 16 * NR

Legend: NAT: Neoadjuvant chemotherapy; R: Resectable; BR; Borderline Resectable; LA: Locally Advanced; NR:
Not Reported. * Stage was defined after NAT + surgery.

Elderly populations generally showed poorer performance status, and a higher bur-
den of comorbidities compared to younger patients. ECOG PS was reported in three
studies [24,27,31].

Cooper et al. [19] reported a PS ≥ 2 in 48/179 (26.8%) patients; among them,
29 underwent palliative therapy alone.

In Xie et al. [27] ECOG ≥ 2 was reported in the 13.7% of patients ≥ 75 years compared
to the 8.2% of younger patients, highlighting the more fragile clinical profile.

The most common cancer location was pancreatic head, neck, or uncinate process in
1595/1945 (82.0%) patients, and pancreatic body and tail in 257/1945 (13.2%) [4,5,24,25,27–31].

In three studies, cancer location was not reported [6,26,32].
Tumor size was only reported in two studies. Barbas et al. [26] reported a mean tumor

size of 3.1 ± 1.4 cm, while Rieser et al. [28] reported a median tumor size of 2.45 cm (IQR
2.15–4.0).

In studies evaluating upfront surgery, elderly patients were less likely to receive
adjuvant treatments compared to younger patients due to the higher prevalence of periop-
erative complications or poorer overall health status [4,27]. Moreover, studies comparing
young and elderly patients highlighted that elderly patients represent a more vulnerable
population, with higher CA19-9 levels and a greater prevalence of advanced disease at
diagnosis [25,26].

Among the 9580 elderly patients, only 2307 (24.0%) underwent NAT. NAT regimen
and outcomes are reported in Table 4.

Table 4. NAT outcomes.

Reference NAT
n

CA 19.9 Level
Before NAT

(IQR)

NAT Regimen
n

RT
n

(%)

Major Toxicity
> 3
N

(%)

Dropout for
NAT Toxic-
ity/Disease
Progression

(%)

CA 19.9 Level
After NAT

(IQR)

Surgery
N (%)

Barbas 2012 [26] 22 NR NR NR NR NR NR 22 (100%)

Cooper 2014 [24] 153 157 (70–520)
Gemcitabine ±

cisplatin or
erlotinib

NR NR 37 (24.1%) NR 74 (48%)

Xie 2019 [27] 83 210 (54–756) NR 46 (55.4%) NR NR NR 83 (100%)

Groen 2020 [6] 800 NR NR NR NR NR NR NR

Rieser 2021 [28] 68 142 (46–472)

FOLFIRINOX
OR

gemcitabine/
abraxane

10 (5.0%) NR NR NR 68 (100%)
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Table 4. Cont.

Reference NAT
n

CA 19.9 Level
Before NAT

(IQR)

NAT Regimen
n

RT
n

(%)

Major Toxicity
> 3
N

(%)

Dropout for
NAT Toxic-
ity/Disease
Progression

(%)

CA 19.9 Level
After NAT

(IQR)

Surgery
N (%)

Qiao 2023 [29] 52
23 patients

(42.6%) ≥ 37
U/mL

FOLFIRINOX 41 (75.9%) 30 (57.5%) NR NR NR

Nassoiy 2023 [4] 939
484 patients
(51.5) ≥ 38

U/mL
NR 481 (51.2%) NR NR NR NR

Miura 2015 [30] 36 173 (296)
Gemcitabine
5-FU–based,

FOLFIRINOX
34 (94.7%) 6 (17.0%) 12 (33.3%) 56 (691) 24 (66.6%)

Weniger 2020 [25] 33 NR
FOLFIRINOX
Gemcitabine/
nab-paclitaxel

NR NR 7 (21.2%) NR 28 (84.8%)

Oba 2021 [5] 34 126 (1–6490) *
FOLFIRINOX
Gemcitabine/
nab-paclitaxel

29 (85.2%) NR 15 (44.0%) NR 19 (56.0%)

Suto 2023 [31] 44 NR S 44 (100%) 10 (23.0%) NR NR 39 (89.0%)

Suto 2024 [32] 43 213 (19–813) S-1,
Gemcitabine 43 (100%) 10 (23.0%) NR 68 (10–209) 38 (88.0%)

Legend: NAT: Neoadjuvant chemotherapy; RT: Radiotherapy; NR: Not Reported. * Range.

Type of NAT regimen was reported in 8/12 studies; FOLFIRINOX and gemcitabine
were the most used NAT regimens. Concomitant radiotherapy was reported in 8/12 studies,
in 728/1299 patients (56.0%).

The duration of NAT was reported in six studies [5,25,28,29,31,32].
In Qiao et al. [29], FOLFIRINOX was administered with eight bi-weekly cycles for

a total of 4 months. In Oba et al. [5], 12 patients were treated with FOLFIRINOX and 22
with GnP (Gemcitabine plus Nab-Paclitaxel) regimens; the median number of cycles was
4 (2–12).

In Weniger et al. [33], FOLFIRINOX or GnP were administered in elderly patients for
5.48 ± 3 cycles.

In studies using S-1 regimens [31,32] hypofractionated external-beam radiotherapy
(30 Gy in 10 fractions) with concurrent S-1 (60 mg/m2) was administered 5 days per
week for 2 weeks prior to pancreatectomy, or with external-beam radiotherapy (50 Gy in
25 fractions) and concurrent S-1 (60 mg/m2) for 5 weeks prior to pancreatectomy.

Only two studies reported the CA 19.9 level before and after NAT.
Miura et al. [30] and Suto et al. [32] reported a significant reduction in CA 19.9 levels

after NAT, the median value of CA 19.9 was 173 [30] and 213 U/mL [32] before NAT, and
56 [23] and 68 U/mL [24] after NAT.

3.1. Comparison of NAT vs. Upfront Surgery in Elderly Patients

Patients from seven studies [4,6,24,26–29] were compared: 4818 patients who under-
went upfront surgery and 2038 patients who underwent NAT followed by surgery.

NAT in elderly patients had a significant positive impact on R0 resection rates com-
pared to upfront surgery. In Nassoiy et al. [4], R0 resection rates were significantly higher
in the NAT group than in the upfront surgery group, with clear evidence of tumor down-
staging associated with NAT (p < 0.001). Similarly, in Rieser et al. [21], elderly patients
treated with NAT showed higher R0 resection rates compared to upfront surgery (HR for
resectability 0.60, p = 0.02).

In Xie et al. [27], elderly patients experienced higher rates of post-operative infec-
tions and wound healing difficulties compared to younger (65–75) patients, although no
significant differences were observed in severe complications (Clavien-Dindo ≥ 3).
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Adjuvant therapy (AT) was mostly administered in the upfront surgery group than
the NAT group.

NAT followed by surgery showed an improved overall survival (OS) compared
to upfront surgery in elderly patients. The mean OS of the included studies was
27.8 months (15.78–39.1) for NAT patients compared to the 20.3 (11.51–23.8) months of up-
front
surgery patients.

In Nassoiy et al. [4], patients treated with NAT had a median OS of 27.8 months,
significantly higher than the 20.9 months observed in those who underwent upfront surgery
(HR = 0.88, p < 0.001). Similarly, in Rieser et al. [28], the median OS was 24.6 months in
NAT patients versus 17.6 months in those undergoing upfront surgery (HR = 0.60, p = 0.02).
Data about NAT and upfront surgery in elderly population are summarized in Table 5.

Table 5. Comparison of NAT vs. upfront surgery in elderly patients.

Reference NAT + S
n

US
n

Margin
Positive (R

1–2) After NAT
n

(%)

Margin Positive
(R 1–2)

After US
n

(%)

AT in NAT
Group

n
(%)

AT in US
Group

n
(%)

OS NAT + S
Months

OS US
Months

Barbas 2012 [26] 22 10 NR NR 9 * 23.7 *

Cooper 2014 [24] 74 26 NR NR 37 (24.1%) 11 (48%) 33.8 15.1
(5.4–100.8)

Xie 2019 [27] 83 ** 195 NR NR 121 * 39.1 23.8

Groen 2020 [6] 800 ** 266 NR NR NR NR 24 22

Rieser 2021 [28] 68 90 24 (34.0%) 26 (29%) 34 (51%) 43 (48%) 24.6 17.6

Qiao 2023 [29] 52 ** 84 17 (31.5%) 44 (52.4%) NR NR 15.78 11.51

Nassoiy 2023 [4] 939 ** 4147 159 (16.9%) 934 (22.5%) NR 2627 (63.3%) 27.8 20.9

Legend: NAT: Neoadjuvant chemotherapy; NAT + S: Neoadjuvant chemotherapy + surgical resection; US: Upfront
Surgery; AT: Adjuvant chemotherapy; OS: Overall Survival; NR: Not Reported. * The number (%) refers to both
groups (NAT + S and US), ** The number refers to each patient treated with NAT and not always followed by
surgical resection in both groups.

3.2. Comparison of NAT in Young vs. Elderly Patients

Patients from six studies were compared [5,25,29–32], 242 elderly patients and
953 young patients (Table 6).

Table 6. Comparison of NAT in young and elderly patients.

Reference Elderly *
n

Young **
n

Margin Positive
(R 1–2) Elderly

n
(%)

Margin Positive
(R 1–2)
Young

n
(%)

OS
Elderly
Months

OS Young
Months

Qiao 2023 [29] 52 273 17 (31.5) 50 (17.4) 16.43 30.83

Miura 2015 [30] 36 210 2 (8.0%) 1 (1.0%) 27.2 36.5

Weniger 2020 [25] 33 132 14 (53.9%) 51 (50.0%) 26.0 35.0

Oba 2021 [5] 34 191 NR NR 17.6 23.6; 18.0 *

Suto 2023 [31] 44 78 3 (8.0%) 0 (0%) 27 43.0

Suto 2024 [32] 43 69 4 (11.0%) 0 (0%) 27 43.0
Legend: OS: Overall Survival; NR: Not Reported. * Young and elderly were reported according to the differences
found by each study. The cut-off to define elderly population is ≥75. Weniger et al. [25] defined elderly with the
cut-off age of >70 year. Oba et al. [5] divided patients into 3 groups according to age, <70, 70–74 and ≥75. ** OS in
patients <70 was 23.6 months and, in patients between 70 and 74 years, OS was 18.0 months.
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Elderly patients reported higher NAT adverse events (G3-4) than younger patients, as
previously reported.

The R0 resection rates in elderly patients were generally high and comparable to
those observed in younger patients, with no significant differences in surgical efficacy.
R0 resection was associated with significantly longer survival, regardless of age, con-
firming that surgical success is a strong predictor of favorable outcomes even in elderly
patients [25,29,30].

OS was improved in younger patients than elderly patients in every study included
without significant differences.

The mean OS of the included studies was 24.96 months (17.6–27.2) for elderly patients,
compared to the 36.2 (23.6–43) months of upfront surgery patients.

In Suto et al., no significant differences in OS were observed between patients ≥
75 years and younger patients [31,32]. Similarly, in Weniger et al. [25], OS was similar
between elderly and younger patients, though elderly patients more frequently received
less intensive chemotherapy regimens.

3.3. Outcomes of NAT on Resectable, BR and LA Pancreatic Cancer in Elderly

Long-term effects of NAT in elderly patients with different radiological stages (re-
sectable, BR, and LA) were reported in only a few studies.

Rieser ed al [28] compared NAT and upfront surgery in resectable pancreatic cancer
reporting a median OS of 24.6 months in NAT patients versus 17.6 months in upfront
surgery group (HR = 0.60, p = 0.02).

Cooper et al. [24], in their study, evaluated 153 patients with resectable and 23 with
BR pancreatic cancer and compared the results of NAT versus upfront surgery. The authors
reported a mean OS of 33.8 months in NAT group and 15.1 months in upfront surgery
group without differences in resectable and BR groups (p = 0.79).

Miura et al. [30] reported a median survival of resectable versus BR patients of
45.0 months versus 31.5 months; the OS was 36.5 months vs. 27.2 months in young
(<75 years) and elderly patients (>75 years), respectively.

Weniger et al. [25] reported a mean OS of 23 months and 15 months, respectively, in
young (<70 years) and elderly patients (>70 years) without differences according to the
stage (BR or LA).

Oba et al. [5] reported on univariate analysis a lower OS in the LA group than
BR group (HR:1.72 [1.18, 2.52]) without differences of NAT according to age impacting
this analysis.

3.4. Secondary Endpoints Analyses (Resection Rate, Toxicity, Dropout, NAT Regimens
Analysis, TTR)

The number of elderly patients who reached surgery after NAT varies among the
different studies. In only three studies, the resection rate was not reported [4,6,29]. The
resection rate varied from 48% to 100% (Table 4).

NAT major toxicity was reported in only four studies [29–32], ranging from 17%
to 57.5%.

Patients’ dropout from curative treatment due to NAT toxicity and/or disease progres-
sion was reported in four studies [5,24,25,31], ranging from 21.2% to 44.0%.

Cooper et al. [24] reported that neoadjuvant treatment consisted of external-beam
radiation (30 Gy in 10 fractions, or 50.4 Gy in 28 fractions) with concurrent gemcitabine,
5-FU, or capecitabine. In contrast, Rieser et al. [28] described a neoadjuvant regimen
primarily based on gemcitabine, with a median of three cycles administered in 94% of
cases. Only 2% of patients received 5-fluorouracil-based therapy alone, while 4% received
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a combination of both gemcitabine- and 5-fluorouracil-based regimens. The study reported
a similar R1 resection rate between the NAT and upfront surgery groups.

Qiao et al. [29] analyzed 40 elderly patients treated with FOLFIRINOX. Only 65% of
elderly patients completed the intended neoadjuvant FOLFIRINOX compared to 81.4% of
younger patients. Elderly patients experienced higher rates of major toxicities (grades 3 and
4) than younger patients (57.5% vs. 40.2%); however, this did not impact surgical resection
rates, which appeared improved in the subgroup treated with neoadjuvant therapy (68.5%
vs. 47.6%).

Miura et al. [30] reported that neoadjuvant treatment consisted of gemcitabine-based
chemoradiation for resectable patients and chemotherapy followed by chemoradiation
for borderline resectable (BR) patients. Both gemcitabine-based NAT and FOLFIRINOX
were used in elderly patients. Major adverse events or disease progression occurred in
31% of elderly patients compared to 25% of younger patients. The authors suggested
that personalized treatment regimens could reduce the burden of adverse events while
maintaining treatment efficacy. The dropout rate was 33%.

Weniger et al. [25] compared the standard FOLFIRINOX regimen with the standard
GnP regimen, highlighting higher rates of hematological toxicity in elderly patients, partic-
ularly neutropenia and anemia, especially with intensive regimens such as FOLFIRINOX.
Less intensive regimens were better tolerated in elderly patients, allowing a higher percent-
age to complete treatment.

Similarly, Oba et al. [5] compared FOLFIRINOX with the GnP regimen and reported
worse outcomes for the latter.

Suto et al. [31,32] reported increased rates of hematological and gastrointestinal toxici-
ties in patients aged ≥ 75 years compared to younger patients. However, these toxicities
rarely prevented patients from completing treatment or undergoing surgery.

TTR has been reported in several studies, along with other additional outcomes.
In Weniger et al. [25], TTR was shorter in elderly patients compared to younger ones
(p = 0.019), this did not negatively impact OS. Suto et al. [31,32]. reported similar rates
between young and elderly patients, demonstrating that NAT effectively prevents disease
recurrence, even in older patients.

In Qiao et al. [29], TTR was reported to be slightly higher in the NAT group
(8.8 months) than in the upfront surgery group (7.1 months).

4. Discussion
NAT is an effective therapeutic strategy for elderly patients with resectable or BR or LA

pancreatic cancer, improving overall survival and R0 resection rates compared to upfront
surgery. Although elderly patients have a higher risk of toxicity, the use of personalized
chemotherapy regimens minimizes adverse events and ensures safe access to surgery.

Although the median OS for elderly patients treated with NAT is lower compared to
younger patients (24.96 months vs. 36.2 months), the data highlight that, when feasible,
a neoadjuvant strategy in elderly patients still provides a statistically significant survival
benefit compared to upfront surgery (27.8 months [15.78–39.1] vs. 20.3 months [11.51–23.8],
p < 0.0001).

In contrast with the current literature data [13], despite the limitations of the analyzed
study designs (observational), a benefit was also observed in patients with resectable
disease, which is maintained in elderly patients. Conversely, LA pancreatic cancer confirms
poorer survival outcomes compared to earlier stages of the disease.

Weniger et al. found that NAT in elderly patients had similar benefits than younger pa-
tients, even with a higher incidence of hematologic and gastrointestinal adverse events [25].
These results also confirm the role of NAT in elderly patients in which age is not a mere
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factor that excludes patients from curative treatments [30,31]. These findings are supported
in metastatic settings, where the combination of chemotherapy as shown significantly
better outcomes than monotherapy; regimens like GnP outperform monotherapy in terms
of disease control and overall survival [34].

The tolerability of NAT in elderly patients is a critical challenge. Adverse events
such as neutropenia, anemia, and gastrointestinal toxicity occur more frequently in elderly
patients compared to younger ones [30,31]. Less intensive regimens like GnP have shown
superior tolerability compared to aggressive protocols like FOLFIRINOX, enabling more
elderly patients to complete treatment [25]. The different toxicity profiles of the two
regimens are widely confirmed by real-world data, with greater hematological toxicity,
particularly febrile neutropenia, associated with the FOLFIRINOX regimen, and better
overall tolerability of the GnP regimen, though it is linked to a higher incidence of peripheral
neuropathy [35]. This factor is crucial in selecting the most appropriate regimen for more
fragile patients. Miura et al. addressed that personalized treatment regimens can reduce
toxicity burden while maintaining efficacy [30].

The therapy dropout rate in elderly patients ranges from 21.2% to 44%, primarily due to
toxicity or disease progression. This underscores the need for careful patient selection based
on performance status (ECOG) and comorbidities rather than age alone [23,26]. Employing
geriatric assessments could have a strong rationale for identifying ideal candidates for NAT.
Tools like frailty assessments and toxicity risk scores have been explored in pancreatic cancer
management but remain underdeveloped in NAT-specific settings. Studies highlighted the
need for developing robust geriatric assessment tools, as this represents a challenging area
of research [36].

The dataset presents significant limitations that preclude the feasibility of conducting
a robust meta-analysis. While the systematic review identified studies addressing the
role of NAT in elderly patients with pancreatic cancer, the majority of these studies lack
critical data necessary for meta-analytic synthesis. Specifically, key parameters such as
hazard ratios (HRs) for OS, confidence intervals (CIs), and event counts are either absent or
incomplete in most studies. Without these parameters, it was not possible to accurately
calculate pooled effect sizes or assess the consistency of results across studies. Moreover, the
studies included in the dataset exhibit substantial clinical and methodological heterogeneity.
A major source of heterogeneity is the inconsistent definition of “elderly” across studies.
While some studies define elderly patients as those aged ≥ 70 years, others use cutoffs
such as ≥75 years. This variability introduces differences in baseline patient characteristics,
comorbidities, and treatment tolerability, which can influence outcomes.

The heterogeneity of treatment modalities used precluded meaningful analysis of the
impact of specific NAT regimens.

Another critical limitation lies in the retrospective nature of all included studies. Ret-
rospective designs are inherently prone to selection bias, variability in treatment protocols,
and differences in follow-up practices. Pooling results from such studies without ade-
quate control of these biases could amplify these limitations rather than mitigate them.
The findings highlight the need for prospective studies or RCTs with standardized def-
initions and consistent reporting of key outcomes. This is particularly important given
that real-world data reflect a substantial population of elderly patients with advanced
pancreatic cancer—a group that is often underrepresented in clinical trials. In many RCTs,
the median age of enrolled patients tends to be significantly lower than that of the real-life
population, and age-related exclusion criteria frequently limit the inclusion of older pa-
tients. This discrepancy poses substantial challenges to the generalizability of trial results,
as they may not accurately reflect the outcomes or tolerability of therapies in the elderly
population most affected by the disease. Addressing these gaps through better-designed
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studies would provide more reliable evidence to guide treatment decisions in this often-
overlooked demographic.

5. Conclusions
NAT is associated with improved survival and surgical outcomes in elderly pancreatic

cancer patients, despite a higher risk of adverse events. Patient selection based on per-
formance status rather than age alone is essential to optimize treatment benefits. Further
prospective trials are needed to refine treatment approaches in this population.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers17050747/s1, Table S1: PRISMA 2020 Checklist [37].

Author Contributions: E.O. assessed the conception and design of the manuscript. M.G. (Massimo
Guasconi), M.G. (Mario Giuffrida) and E.O. contributed to the investigation and data curation. M.G.,
(Mario Giuffrida) and S.V. drafted the article. E.O., M.G. (Mario Giuffrida), G.P. and S.V. critically
revised it for important intellectual content. E.O. and I.T. reviewed and edited the final version of the
manuscript. E.A., F.B. and C.C. supervised and mentored the research team. S.V. and C.C. revised the
English language. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: This work was supported by Associazione Malato Oncologico Piacentino
(AMOP). We also extend our gratitude to Poisetti Piergiorgio for his valuable contributions.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

NAT Neoadjuvant therapy
PS Performance Status
BR Borderline Resectable
LA Locally Advanced
OS Overall Survival
TTR Time-To-Recurrence
AT Adjuvant Therapy
GnP Gemcitabine plus Nab-Paclitaxel
RT Radiotherapy

References
1. Rawla, P.; Sunkara, T.; Gaduputi, V. Epidemiology of Pancreatic Cancer: Global Trends, Etiology and Risk Factors. World J. Oncol.

2019, 10, 10–27. [CrossRef] [PubMed]
2. SEER Cancer Stat Facts: Pancreatic Cancer. National Cancer Institute: Bethesda, MD. Available online: https://seer.cancer.gov/

statfacts/html/pancreas.html (accessed on 10 January 2025).
3. Oettle, H.; Neuhaus, P.; Hochhaus, A.; Hartmann, J.T.; Gellert, K.; Ridwelski, K.; Niedergethmann, M.; Zülke, C.; Fahlke, J.;

Arning, M.B.; et al. Adjuvant chemotherapy with gemcitabine and long-term outcomes among patients with resected pancreatic
cancer: The CONKO-001 randomized trial. JAMA 2013, 310, 1473–1481. [CrossRef] [PubMed]

4. Nassoiy, S.; Christopher, W.; Marcus, R.; Keller, J.; Weiss, J.; Chang, S.-C.; Essner, R.; Foshag, L.; Fischer, T.; Goldfarb, M. Evolving
management of early stage pancreatic adenocarcinoma in older patients. Am. J. Surg. 2023, 225, 212–219. [CrossRef] [PubMed]

5. Oba, A.; A Wu, Y.H.; Lieu, C.H.; Meguid, C.; Colborn, K.L.; Beaty, L.; Al-Musawi, M.H.; Davis, S.L.; Leal, A.D.; Purcell, T.; et al.
Outcome of neoadjuvant treatment for pancreatic cancer in elderly patients: Comparative, observational cohort study. Br. J. Surg.
2021, 108, 976–982. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers17050747/s1
https://www.mdpi.com/article/10.3390/cancers17050747/s1
https://doi.org/10.14740/wjon1166
https://www.ncbi.nlm.nih.gov/pubmed/30834048
https://seer.cancer.gov/statfacts/html/pancreas.html
https://seer.cancer.gov/statfacts/html/pancreas.html
https://doi.org/10.1001/jama.2013.279201
https://www.ncbi.nlm.nih.gov/pubmed/24104372
https://doi.org/10.1016/j.amjsurg.2022.07.026
https://www.ncbi.nlm.nih.gov/pubmed/36058752
https://doi.org/10.1093/bjs/znab092


Cancers 2025, 17, 747 14 of 15

6. On behalf of the Dutch Pancreatic Cancer Group; Groen, J.V.; Douwes, T.A.; van Eycken, E.; van der Geest, L.G.M.; Johannesen,
T.B.; Besselink, M.G.; Koerkamp, B.G.; Wilmink, J.W.; Bonsing, B.A.; et al. Treatment and Survival of Elderly Patients with Stage
I-II Pancreatic Cancer: A Report of the EURECCA Pancreas Consortium. Ann. Surg. Oncol. 2020, 27, 5337–5346. [CrossRef]

7. Ryan, D.P.; Hong, T.S.; Bardeesy, N. Pancreatic adenocarcinoma. N. Engl. J. Med. 2014, 371, 2140–2141. [CrossRef]
8. Huang, L.; Jansen, L.; Balavarca, Y.; Babaei, M.; Van Der Geest, L.; Lemmens, V.; Van Eycken, L.; De Schutter, H.; Johannesen, T.B.;

Primic-Žakelj, M.; et al. Stratified survival of resected and overall pancreatic cancer patients in Europe and the USA in the early
twenty-first century: A large, international population-based study. BMC Med. 2018, 16, 125. [CrossRef]

9. Wolfgang, C.L.; Herman, J.M.; Laheru, D.A.; Klein, A.P.; Erdek, M.A.; Fishman, E.K.; Hruban, R.H. Recent progress in pancreatic
cancer. CA Cancer J. Clin. 2013, 63, 318–348. [CrossRef]

10. Sohn, T.A.; Yeo, C.J.; Cameron, J.L.; Koniaris, L.; Kaushal, S.; Abrams, R.A.; Sauter, P.K.; Coleman, J.; Hruban, R.H.; Lillemoe, K.D.
Resected adenocarcinoma of the pancreas-616 patients: Results, outcomes, and prognostic indicators. J. Gastrointest. Surg. 2000, 4,
567–579. [CrossRef]

11. Evans, D.B.; Varadhachary, G.R.; Crane, C.H.; Sun, C.C.; Lee, J.E.; Pisters, P.W.; Vauthey, J.-N.; Wang, H.; Cleary, K.R.; Staerkel,
G.A.; et al. Preoperative gemcitabine-based chemoradiation for patients with resectable adenocarcinoma of the pancreatic head. J.
Clin. Oncol. 2008, 26, 3496–3502. [CrossRef]

12. Gillen, S.; Schuster, T.; Meyer Zum Büschenfelde, C.; Friess, H.; Kleeff, J. Preoperative/neoadjuvant therapy in pancreatic cancer:
A systematic review and meta-analysis of response and resection percentages. PLoS Med. 2010, 7, e1000267. [CrossRef] [PubMed]

13. Labori, K.J.; Bratlie, S.O.; Andersson, B.; Angelsen, J.H.; Biörserud, C.; Björnsson, B.; Bringeland, E.A.; Elander, N.; Garresori, H.;
Grønbech, J.E.; et al. Neoadjuvant FOLFIRINOX versus upfront surgery for resectable pancreatic head cancer (NORPACT-1): A
multicentre, randomised, phase 2 trial. Lancet Gastroenterol. Hepatol. 2024, 9, 205–217. [CrossRef] [PubMed]

14. Van Dam, J.L.; Janssen, Q.P.; Besselink, M.G.; Homs, M.Y.V.; van Santvoort, H.C.; van Tienhoven, G.; de Wilde, R.F.; Wilmink, J.W.;
van Eijck, C.H.J.; Groot Koerkamp, B.; et al. Neoadjuvant therapy or upfront surgery for resectable and borderline resectable
pancreatic cancer: A meta-analysis of randomised controlled trials. Eur. J. Cancer 2022, 160, 140–149. [CrossRef] [PubMed]

15. Versteijne, E.; van Dam, J.L.; Suker, M.; Janssen, Q.P.; Groothuis, K.; Akkermans-Vogelaar, J.M.; Besselink, M.G.; Bonsing, B.A.;
Buijsen, J.; Busch, O.R.; et al. Neoadjuvant Chemoradiotherapy Versus Upfront Surgery for Resectable and Borderline Resectable
Pancreatic Cancer: Long-Term Results of the Dutch Randomized PREOPANC Trial. J. Clin. Oncol. 2022, 40, 1220–1230. [CrossRef]
[PubMed]

16. Ghaneh, P.; Palmer, D.; Cicconi, S.; Jackson, R.; Halloran, C.M.; Rawcliffe, C.; Sripadam, R.; Mukherjee, S.; Soonawalla, Z.;
Wadsley, J.; et al. Immediate surgery compared with short-course neoadjuvant gemcitabine plus capecitabine, FOLFIRINOX, or
chemoradiotherapy in patients with borderline resectable pancreatic cancer (ESPAC5): A four-arm, multicentre, randomised,
phase 2 trial. Lancet Gastroenterol. Hepatol. 2023, 8, 157–168. [CrossRef] [PubMed]

17. Conroy, T.; Pfeiffer, P.; Vilgrain, V.; Lamarca, A.; Seufferlein, T.; O’Reilly, E.M.; Hackert, T.; Golan, T.; Prager, G.; Haustermans, K.;
et al. Pancreatic cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2023, 34, 987–1002.
[CrossRef] [PubMed]

18. Mukoyama, T.; Kanaji, S.; Sawada, R.; Harada, H.; Urakawa, N.; Goto, H.; Hasegawa, H.; Yamashita, K.; Matsuda, T.; Oshikiri, T.;
et al. Safety and Efficacy of Neoadjuvant Chemotherapy for Advanced Gastric Cancer in Elderly Patients. AntiCancer Res. 2023,
43, 5649–5656. [CrossRef]

19. Ahmad, M.; Javadi, C.; Poultsides, G. Neoadjuvant Treatment Strategies for Resectable Proximal Gastric, Gastroesophageal
Junction and Distal Esophageal Cancer. Cancers 2022, 14, 1755. [CrossRef]

20. Katz, M.H.; Pisters, P.W.; Evans, D.B.; Sun, C.C.; Lee, J.E.; Fleming, J.B.; Vauthey, N.J.; Abdalla, E.K.; Crane, C.H.; Wolff, R.A.; et al.
Borderline resectable pancreatic cancer: The importance of this emerging stage of disease. J. Am. Coll. Surg. 2008, 206, 833–848.
[CrossRef]

21. Junior, P.L.S.U.; Carvalho, L.; Fernandes, M.L.C.; Botrus, G.; Martins, R.d.S.; da Silva, E.F.; dos Santos, S.S.M.B.; Taniwaki, L.;
Taranto, P.; Dutra, A.C.P.; et al. Neoadjuvant chemotherapy or upfront surgery in localized pancreatic cancer: A contemporary
analysis. Sci. Rep. 2022, 12, 13592. [CrossRef]

22. White, R.R.; Paulson, E.K.; Freed, K.S.; Keogan, M.T.; Hurwitz, H.I.; Lee, C.; Morse, M.A.; Gottfried, M.R.; Baillie, J.; Branch, M.S.;
et al. Staging of pancreatic cancer before and after neoadjuvant chemoradiation. J. Gastrointest. Surg. 2001, 5, 626–633. [CrossRef]
[PubMed]

23. Tan, E.; Song, J.; Lam, S.; D’Souza, M.; Crawford, M.; Sandroussi, C. Postoperative outcomes in elderly patients undergoing
pancreatic resection for pancreatic adenocarcinoma: A systematic review and meta-analysis. Int. J. Surg. 2019, 72, 59–68.
[CrossRef] [PubMed]

24. Cooper, A.B.; Holmes, H.M.; Bordes, J.K.D.; Fogelman, D.; Parker, N.H.; Lee, J.E.; Aloia, T.A.; Vauthey, J.-N.; Fleming, J.B.; Katz,
M.H. Role of neoadjuvant therapy in the multimodality treatment of older patients with pancreatic cancer. J. Am. Coll. Surg. 2014,
219, 111–120. [CrossRef]

https://doi.org/10.1245/s10434-020-08539-x
https://doi.org/10.1056/NEJMra1404198
https://doi.org/10.1186/s12916-018-1120-9
https://doi.org/10.3322/caac.21190
https://doi.org/10.1016/S1091-255X(00)80105-5
https://doi.org/10.1200/JCO.2007.15.8634
https://doi.org/10.1371/journal.pmed.1000267
https://www.ncbi.nlm.nih.gov/pubmed/20422030
https://doi.org/10.1016/S2468-1253(23)00405-3
https://www.ncbi.nlm.nih.gov/pubmed/38237621
https://doi.org/10.1016/j.ejca.2021.10.023
https://www.ncbi.nlm.nih.gov/pubmed/34838371
https://doi.org/10.1200/JCO.21.02233
https://www.ncbi.nlm.nih.gov/pubmed/35084987
https://doi.org/10.1016/S2468-1253(22)00348-X
https://www.ncbi.nlm.nih.gov/pubmed/36521500
https://doi.org/10.1016/j.annonc.2023.08.009
https://www.ncbi.nlm.nih.gov/pubmed/37678671
https://doi.org/10.21873/anticanres.16769
https://doi.org/10.3390/cancers14071755
https://doi.org/10.1016/j.jamcollsurg.2007.12.020
https://doi.org/10.1038/s41598-022-17743-6
https://doi.org/10.1016/S1091-255X(01)80105-0
https://www.ncbi.nlm.nih.gov/pubmed/12086901
https://doi.org/10.1016/j.ijsu.2019.09.030
https://www.ncbi.nlm.nih.gov/pubmed/31580919
https://doi.org/10.1016/j.jamcollsurg.2014.02.023


Cancers 2025, 17, 747 15 of 15

25. Weniger, M.; Moir, J.; Damm, M.; Maggino, L.; Kordes, M.; Rosendahl, J.; Ceyhan, G.O.; Schorn, S.; Schmid, D.; D’Haese, J.G.;
et al. Neoadjuvant therapy in elderly patients receiving FOLFIRINOX or gemcitabine/nab-paclitaxel for borderline resectable or
locally advanced pancreatic cancer is feasible and lead to a similar oncological outcome compared to non-aged patients—Results
of the RESPECT-Study. Surg. Oncol. 2020, 35, 285–297. [CrossRef]

26. Barbas, A.S.; Turley, R.S.; Ceppa, E.P.; Reddy, S.K.; Blazer, D.G., III; Clary, B.M.; Pappas, T.N.; Tyler, D.S.; White, R.R..; Lagoo, S.A.
Comparison of outcomes and the use of multimodality therapy in young and elderly people undergoing surgical resection of
pancreatic cancer. J. Am. Geriatr. Soc. 2012, 60, 344–350. [CrossRef]

27. Xie, H.; Liu, J.; Yin, J.; Ogden, J.R.; Mahipal, A.; McWilliams, R.R.; Truty, M.J.; Bekaii-Saab, T.S.; Petersen, G.M.; Jatoi, A.; et al.
Role of Surgery and Perioperative Therapy in Older Patients with Resectable Pancreatic Ductal Adenocarcinoma. Oncologist.
2020, 25, e1681–e1690. [CrossRef] [PubMed] [PubMed Central]

28. Rieser, C.J.; Zenati, M.; Narayanan, S.; Bahary, N.; Lee, K.K.; Paniccia, A.; Bartlett, D.L.; Zureikat, A.H. Optimal Management of
Resectable Pancreatic Head Cancer in the Elderly Patient: Does Neoadjuvant Therapy Offer a Survival Benefit? Ann. Surg. Oncol.
2021, 28, 6264–6272. [CrossRef]

29. Qiao, G.; Fong, Z.V.; Bolm, L.; Del-Castillo, C.F.; Ferrone, C.R.; Servin-Rojas, M.; Pathak, P.; Lau-Min, K.; Allen, J.N.; Blaszkowsky,
L.S.; et al. Feasibility, Safety, and Efficacy of Aggressive Multimodal Management of Elderly Patients with Pancreatic Ductal
Adenocarcinoma. Ann. Surg. 2024, 280, 118–125. [CrossRef]

30. Miura, J.T.; Krepline, A.N.; George, B.; Ritch, P.S.; Erickson, B.A.; Johnston, F.M.; Oshima, K.; Christians, K.K.; Evans, D.B.; Tsai, S.
Use of neoadjuvant therapy in patients 75 years of age and older with pancreatic cancer. Surgery 2015, 158, 1545–1555. [CrossRef]

31. Suto, H.; Oshima, M.; Ando, Y.; Matsukawa, H.; Takahashi, S.; Shibata, T.; Kamada, H.; Kobara, H.; Masaki, T.; Kumamoto,
K.; et al. Efficacy of neoadjuvant chemoradiotherapy followed by pancreatic resection for older patients with resectable and
borderline resectable pancreatic ductal adenocarcinoma. HPB 2023, 25, 136–145. [CrossRef]

32. Suto, H.; Fuke, T.; Matsukawa, H.; Ando, Y.; Oshima, M.; Nagao, M.; Takahashi, S.; Shibata, T.; Yamana, H.; Kamada, H.; et al.
Short- and Long-Term Outcomes of Neoadjuvant Chemoradiotherapy Followed by Pancreatoduodenectomy in Elderly Patients
with Resectable and Borderline Resectable Pancreatic Cancer: A Retrospective Study. J. Clin. Med. 2024, 13, 1216. [CrossRef]

33. Wells, G.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing
the Quality of Nonrandomised Studies in Meta-Analyses. 2013. Available online: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp (accessed on 20 November 2024).

34. Orlandi, E.; Citterio, C.; Chinelli, R.; Dotti, I.; Zaffignani, E.; Biasini, C.; Anselmi, E.; Cremona, G.; Vecchia, S. Comparing
Combination vs Monochemotherapy in Late-Elderly Patients with Advanced Pancreatic Cancer: Insights from a Single-Center
Study. Cancer Control. 2024, 31, 10732748241304968. [CrossRef] [PubMed] [PubMed Central]

35. Chiorean, E.; Cheung, W.; Giordano, G.; Kim, G.; Al-Batran, S. Real-world comparative effectiveness of nab-paclitaxel plus
gemcitabine versus FOLFIRINOX in advanced pancreatic cancer: A systematic review. Ther. Adv. Med. Oncol. 2019, 11,
1758835919850367. [CrossRef] [PubMed]

36. Lee, S.; Sissoko, M.; Hartshorn, K. Update on the Management of Pancreatic Cancer in Older Adults. Curr. Oncol. Rep. 2016, 18,
1–12. [CrossRef] [PubMed]

37. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.suronc.2020.08.031
https://doi.org/10.1111/j.1532-5415.2011.03785.x
https://doi.org/10.1634/theoncologist.2020-0086
https://www.ncbi.nlm.nih.gov/pubmed/32663355
https://pmc.ncbi.nlm.nih.gov/articles/PMC7648330
https://doi.org/10.1245/s10434-021-09822-1
https://doi.org/10.1097/SLA.0000000000006131
https://doi.org/10.1016/j.surg.2015.06.017
https://doi.org/10.1016/j.hpb.2022.10.004
https://doi.org/10.3390/jcm13051216
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1177/10732748241304968
https://www.ncbi.nlm.nih.gov/pubmed/39620663
https://pmc.ncbi.nlm.nih.gov/articles/PMC11613287
https://doi.org/10.1177/1758835919850367
https://www.ncbi.nlm.nih.gov/pubmed/31205510
https://doi.org/10.1007/s11912-016-0547-4
https://www.ncbi.nlm.nih.gov/pubmed/27492426
https://doi.org/10.1136/bmj.n71

	Introduction 
	Materials and Methods 
	Information Sources 
	Inclusion and Exclusion Criteria 
	Data Extraction 
	Study Quality Assessment 
	Statistical Analysis 

	Results 
	Comparison of NAT vs. Upfront Surgery in Elderly Patients 
	Comparison of NAT in Young vs. Elderly Patients 
	Outcomes of NAT on Resectable, BR and LA Pancreatic Cancer in Elderly 
	Secondary Endpoints Analyses (Resection Rate, Toxicity, Dropout, NAT Regimens Analysis, TTR) 

	Discussion 
	Conclusions 
	References

