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Abstract

Background Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal malignancies, with limited
treatment options yielding poor outcomes. This study aimed to evaluate the real-world clinical characteristics,
treatment patterns, and outcomes of patients with locally advanced unresectable and de-novo metastatic PDAC in
Saudi Arabia, providing regional data to compare with international benchmarks.

Methods This is a retrospective, multicentre study involving 350 patients diagnosed with unresectable locally
advanced or de-novo metastatic PDAC between January 2015 and November 2023. Data were collected from 10
oncology centers across Saudi Arabia.

Results The median age at diagnosis was 60 years, with 63% of patients presenting with multiple metastatic sites,
primarily in the liver (66.3%). FOLFIRINOX was the most common first-line treatment (55.1%), followed by gemcitabine
plus nab-paclitaxel (15.19%). The median PFS for first-line treatment was 5.3 months, with FOLFIRINOX achieving the
longest PFS (6.5 months). The median OS was 10.34 months for the entire cohort, with better survival outcomes
observed in patients receiving FOLFIRINOX (12.3 months). Independent prognostic factors for PFS and OS included
performance status, first-line regimen, and neutrophil-lymphocyte ratio (NLR). Among patients tested, 7.1% had
deficient mismatch repair (d-MMR), and 5.8% harbored BRCA mutations.

Conclusions This real-world study confirms that clinical outcomes for locally advanced unresectable and metastatic
PDAC in Saudi Arabia are consistent with international data, with FOLFIRINOX showing superior outcomes over
gemcitabine-based regimens. However, both treatments reflect the persistent poor prognosis of PDAC, underscoring
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the need for novel therapeutic strategies. Further research is warranted to optimize treatment selection and improve

survival outcomes in this population.
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Background

Pancreatic ductal adenocarcinoma (PDAC) is a fatal dis-
ease with raising incidence and mortality accounting for
the third leading cause of cancer-related deaths in USA
and the seventh leading cause of cancer related deaths
worldwide [1, 2]. PDAC is projected to be the second
leading cause of cancer-related mortality by 2030 [3, 4].
Majority of patients present in a late stage making surgi-
cal resection the only curative treatment not feasible [5].
Chemotherapy continues to be the main stay of treat-
ment for patients with locally advanced unresectable
disease and metastatic disease at diagnosis and despite
recent advances in management the five-year survival
rate remains suboptimal with less than 13% and still lack
an effective screening program [6, 7].

The current standard of care first-line treatment regi-
men for locally advance (LA) unresectable and metastatic
PDAC includes: oxaliplatin, irinotecan, fluorouracil,
and leucovorin (FOLFIRINOX), liposomal irinotecan,
oxaliplatin, leucovorin, and fluorouracil (NALIRIFOX),
gemcitabine plus nab-paclitaxel (GnP), and single agent
gemcitabine (Gem) [8-11]. FOLFIRNOX and GnP have
demonstrated overall survival benefit over Gem as single
agent making both options standard of care with no com-
parative study answering which regimen is better [9, 10].
Recently, NALIRIFOX was tested against GnP showing
superiority [11].

There is less consensus when it comes to second line
treatment options as most studied proven efficacious
therapies were after progression on gemcitabine-based
therapy with limited data on options post FOLIRINOX
as first line treatment [12—15]. Second-line GnP follow-
ing progression on FOLFIRINOX have demonstrated a
6-month overall survival (OS) rate of 72.5% compared
to only 20% in patients receiving best supportive care
(BSC) [16]. Data about pancreatic cancer in our part of
the world is scares. Hence, we aim to assess our patient
characteristic and treatments trends and outcomes.

Methods

This is a multicentre retrospective observational study
to evaluate patient characteristic, treatment trends, and
clinical outcome for LA unresectable and de-novo met-
astatic PDAC. Medical records of patients diagnosed
PDAC treated in 10 centres around Saudi Arabia were
retrospectively reviewed. Patients who were 18-years
of age or older and diagnosed from January 1st, 2015,
to November 1st, 2023, with LA unresectable or de-
novo metastatic PDAC with no prior pancreatic surgery

and received palliative first-line systemic therapy were
included. Patients with prior malignancy, or received
prior chemotherapy were excluded.

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki [17]. Approval was
granted by the institutional review board at Security
Forces Hospital research #23-645-09 on 22 June 2023.
Waiver of consent was granted by the institutional review
board given the retrospective nature of the study.

Statistical analysis

Patient characteristics were summarized using frequen-
cies and percentages for categorical variables and medi-
ans and ranges for continuous variables.

Continuous variables requiring categorization were
classified using optimal cutoff values derived from
Receiver Operating Characteristic (ROC) curve analysis.
The optimal cutofts were determined by maximizing the
sum of sensitivity and specificity.

Progression-free survival-1 (PFS-1) was calculated
as the time from the start of first-line therapy to either
progression or death. PFS-2 was calculated as the time of
start second-line therapy to either progression or death.
OS was calculated as the time from the start of first-line
therapy to the date of death or last follow-up.

Survival analysis was conducted using the Kaplan-
Meier method to estimate survival functions, with
survival probabilities computed at each time point.
Greenwood’s formula was applied to determine the vari-
ance of survival estimates and calculating confidence
intervals for the survival probabilities. Censoring was
implemented for subjects who did not experience the
event of interest during the study period or who were lost
to follow-up.

Kaplan-Meier survival curves were used to visualize
differences in survival between study groups and statis-
tical comparisons between survival distributions were
assessed using the log-rank test.

To assess the independent impact of risk factors on
survival, a Cox proportional hazards regression model
was employed. Prior to model development, the propor-
tional hazards assumption was evaluated using Schoen-
feld residuals to verify that the effect of covariates on the
hazard rate remained constant over time. If this assump-
tion was violated, the covariate was incorporated as a
time-dependent variable. Interaction terms between the
first line regimen and significant covariates were exam-
ined to detect potential effect modification.
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The final multivariate model was constructed using
a backward elimination approach, where all candidate
covariates were initially included in the model. Covari-
ates were sequentially removed based on the likelihood
ratio test, with a criterion of p-value>0.10 for exclusion
from the model. Hazard ratios and their corresponding
95% confidence intervals were calculated for the covari-
ates that remained in the final model to quantify their
association with the risk of the event. All multivariate
regression models were developed with adjustments for
the center effect. Statistical analyses were performed
using STATA/BE 17, with the significance threshold set
at a two-tailed alpha level of 0.05.

Table 1 Patient characteristics of patients diagnosed with
locally advanced unresectable or metastatic pancreatic ductal
adenocarcinoma (n=350)

Variables All patients
350
N (%)

Age (years)

<65 247 (70.5)

>65 103 (29.5)
Sex

Female 129 (37)

Male 221 (63)
Stage at diagnosis

Locally advance unresectable 95 (27)

Metastatic 255 (73)
Comorbidities

Diabetes 199 (57)

Hypertension 155 (44)

Coronary artery disease 23(7)

Renal impairment 13 (4)
The primary site of the pancreas

Head 205 (58.6)

Bodly 115 (32.9)

Tail 57 (6.3)

Unknown 22(2.2)
Pathology differentiation

Well-differentiated 15(4.3)

Moderately differentiated 164 (46.9)

Poorly differentiated 57 (16.3)

Unknown 114 (32.5)
ECOG-Performance status

0-1 196 (56)

2 133 (38)

3 9(2.6)

Unknown 12(34)
Site of metastasis

Liver 232 (66.3)

Lung 88 (25.1)

Bone 30(8.6)

Peritoneum 76 (21.7)

Lymph nodes 98 (28)
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Results

Three hundred fifty patients were enrolled from 10 can-
cer centers in Saudi Arabia, all diagnosed with either
de novo metastatic or locally advanced unresectable
PDAC. Among them, 255 (73%) had de novo metastatic
PDAC. The median age at diagnosis was 60 years (IQR
53-66). The most common primary site was the head of
the pancreas, accounting for 205 patients (58.6%), fol-
lowed by the body in 115 patients (32.9%). The median
number of metastatic sites was 2 (IQR 1-3), and 63% of
patients presented with more than one metastatic site at
diagnosis. The liver was the most frequent site of metas-
tasis, observed in 66.3% of cases, followed by lymph
nodes (28%) and lungs (25.1%). Carbohydrate antigen
19-9 (CA19-9) levels were elevated in 83.4% of patients.
Among those tested for mismatch repair (MMR) status
(85 patients), six (7.1%) had deficient MMR (d-MMR).
BRCA testing was conducted in 69 patients, revealing
BRCA mutations in four individuals (5.8%), including
three with BRCA1 mutations and one with BRCA2 muta-
tion. Detailed clinicopathological characteristics of the
patients are summarized in Table 1.

The most common first-line treatment was FOLFIRI-
NOX, administered to 193 patients (55.1%), followed by
Gemcitabine +Nab-paclitaxel in 53 patients (15.1%). The
median number of cycles for the entire group was six,
with specific medians of 8, 6, and 4 cycles for FOLFIRI-
NOX, Gemcitabine+Nab-paclitaxel, and Gemcitabine
single agent, respectively. 60% of patient needed dose
reduction in the first-line treatment. Approximately 49%
of the cohort received second-line treatment, with GnP
being the most common regimen (35.5%), followed by
Gemcitabine single agent (22.7%). The median number
of cycles in the second line was 4 (IQR 3-7.75), similar
across all regimens. Thirty-five patients (10%) received
third-line therapy. Among locally advanced unresectable
patients, 36% received local radiotherapy, with concur-
rent chemoradiotherapy (CCRT) and stereotactic body
radiotherapy (SBRT) being utilized in 41.2% and 29.4% of
cases, respectively. Table 2 details the treatment modali-
ties used in managing the cohort. Biliary stenting was
performed in 184 patients (52.6%), and 46.3% developed
deep vein thrombosis (DVT) or pulmonary embolism
(PE).

The median time to first response evaluation with CT/
MRI was 10 weeks (IQR 8-14 weeks), with imaging per-
formed for response evaluation in 324 patients (92.6%).
The objective response rate (ORR) for first-line treatment
was 31.1%, with the highest rates observed in FOLFIRI-
NOX (38.3%), followed by GnP (34.4%), and Gemcitabine
single agent (9.5%). Among 172 patients receiving sec-
ond-line treatment, 37.8% achieved an ORR, with all
responses being Partial Response (PR). The PR rates were
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Table 2 Treatment regimens and clinical outcomes of patients
with unresectable locally advanced and de-novo pancreatic
ductal adenocarcinoma

Variables N (%)
First-line treatment regimen
FOLFIRINOX 193 (55.1)
Gemcitabine +Nab-paclitaxel 53(15.1)
Gemcitabine + Capecitabine 8(2.3)
Gemcitabine 74 (21.1)
Others 22(6.3)
Maintenance therapy
Yes 46 (13.1)
No 294 (84)
Reasons for stopping chemotherapy
Disease progression 216 (61.7)
Completed 6 months of therapy 40(11.4)
Toxicity 23(6.6)
Patient request 14 (4)
Others 57 (16.2)
Received 2nd line therapy 172 (49)
Gemcitabine-nabpaclitaxel 61 (35.5%)
Gemcitabine 39(22.7)
FOLFOX 25(14.5)
FOLFIRI 9(5.2)
Others 38 (22.1)
Received 3rd line therapy 35(10)
Received Local radiotherapy 34 (36.6)
Types of Radiotherapy received
CCRT 14 (41.2)
Palliative radiotherapy 9 (26.5)
SBRT 10 (29.4)

55.6% for FOLFIRI, 41% for GnP, 36% for FOLFOX, and
33.3% for Gemcitabine.

The median follow-up period for our study was 28
(95%.CI: 25, 40) months. The median PFS-1 for the
whole group was 5.3 months (95% CI 4.48-6.16). The
median PFS-1 for FOLFORINOX, GnP, and Gem were
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6.5 months, 6.2 months, and 2.5 months, respectively
(P=<0.001). At time data was captured for analysis 9.4%
of patients were still progression-free on first-line ther-
apy. The median PFS-2 was 3.25 months (95% CI 2.84—
3.66), with PFS-2 for GnP, FOLFIRI, and Gemcitabine
at 3.8 months, 3.1 months, and 2.6 months, respectively
(p=0.202). The median OS was 10.34 months (95% CI
9.32-11.37). Figure 1 illustrates PFS-1 and OS for all
patients. Univariate and multivariant analysis for PFS and
OS is presented in Tables 3 and 4. Multivariate analysis
showed that first-line treatment regimen, Eastern Coop-
erative Oncology Group performance status (ECOG-PS),
NLR, and pathology grade were independent prognostic
factors for PFS, while first-line treatment regimen type,
ECOG-PS, and NLR were independent prognostic fac-
tors for OS.

Discussion

Our study serves to characterize patients’ characteristics,
treatment trends, and outcomes of LA unresectable and
metastatic PDAC in our region and compare our treat-
ment outcome with available literature. Data concerning
this disease is scarce in our region that makes this study
of importance.

The median age at diagnosis in our population was 60
years that is younger than reports from western popu-
lations and comparable to reports from Asia and North
Africa with exception of Japan [18-27]. This can be
explained by the relatively younger population in these
countries in contrary to western population and Japan.
PDAC has a male predominance, and the most common
site is the head of pancreas in most reports similar to our
study [18, 19, 24, 25, 27, 28].

Real-world outcomes of cancer treatment against pro-
spective randomized control trials (RCTs) can help as a
benchmark to identify gaps to deliver best practice, fig-
ure current clinical challenges, and optimize the use of
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Fig. 1 Progression-free and overall survival for unresectable locally-advanced and de-novo metastatic pancreatic ductal adenocarcinoma for all patients
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Table 3 Median PFS and OS stratified by variables associated with advance pancreatic ductal adenocarcinoma

mPFS 95% Confidence interval (Cl) P-value mOS (months) 95% CI P-value
(months)
All patients 53 45-6.2 103 93-114
Age 0.833 0.490
<65 55 45-64 10.6 94-11.8
>65 5.1 3.0-7.1 94 6.7-12.1
Sex 0.699 0.703
Female 6 52-68 10.3 84-113
Male 5.1 4.1-6.0 103 92-11.5
Stage at presentation 0410 0.207
Locally advance unresectable 49 2.8-7.1 115 8.9-14.0
De-novo metastatic 55 4.6-64 9.9 8.6-11.1
Tumor grade 0.034 0.113
Well-differentiated 8.1 3-13.1 16.1 7.0-253
Moderately differentiated 58 3.1-64 10.8 9.2-124
Poorly differentiated 37 24-51 9.2 73-112
Metastatic site
Liver <0.001 0.002
No 7 54-8.5 131 10.7-154
Yes 46 3.8-54 9.2 7.9-10.5
Lung 0.899 0.712
No 53 4.2-6.3 103 9.1-114
Yes 6.2 51-73 10.8 84-13.2
Peritoneum 0451 0.964
No 53 44-6.2 10.6 94-11.8
Yes 6 4-8 9.6 76-11.6
Lymph nodes 0.605 0.808
No 5.1 4-6.1 103 9.0-11.7
Yes 6.1 5-7.2 10.6 9.1-12.1
ECOG-PS <0.001 <0.001
0-1 6.2 53-7 124 10.7-14.2
2 44 34-54 8.1 6.2-10.0
3 19 03-34 29 0.8-5.0
Albumin 0.026 0.708
<35 5 3.8-6.1 104 9.0-11.8
>35 6.2 51-74 103 89-11.6
Bilirubin 0.192 0.045
<21 55 43-6.6 10.6 94-119
>21 53 4-6.6 9.2 71-11.3
CA19-9 0.783 0.093
<37 4.7 1.4-8.1 13.2 89-17.5
>37 5.8 5.0-6.6 103 9.2-114
Neutrophil-Lymphocyte-ratio (NLR) 0.007 0011
<197 6.6 58-74 1.8 10.0-13.6
>1.97 4 3.2-48 89 7.6-10.2
Platelet-Lymphocyte-ratio (PLR) 03 0.595
<133.75 6.2 52-7.2 10.8 9.5-12.1
>133.75 46 34-5.7 9.9 80-11.7
First-line treatment <0.001 <0.001
FOLFIRINOX 6.5 58-73 123 10.8-13.8
Gemcitabine + Nab-paclitaxel 6.2 51-72 9.7 6.7-12.6

Gemcitabine 2.5 1.9-3.1 52 34-7.0
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Table 4 Independent prognostic factor for PFS & OS by multi-variate analysis
Risk factors Progression free survival Overall Survival
HR 95%, Cl p-value HR 95%, Cl p-value
First Line regimen 0.001 0.081
FILFIRINOX 1 1
Gem/Nab-paclitaxel 1.26 0.8-1.9 0.259 1.06 0.7-15 0.751
Gemcitabine 2.22 15-33 <0.001 1.51 1.1-2.2 0.033
Others 1.20 0.6-24 0.613 147 0.9-25 0.141
ECOG-PS 0.025 <0.001
0-1 1 1
2 111 0.8-15 0.533 1.50 1.1-2 0.011
3 3.89 1.5-104 0.007 4.55 2-10.2 <0.001
Neutrophil-Lymphocyte-ratio 0014 <0.021
<=197 1 1
>1.97 1438 1.1-19 1.34 1-1.7
Pathology Grade 0.031 n/a
Moderately differentiated 1
Poorly differentiated 1.40 0.9-2 0.059
Well differentiated 0.62 0.3-1.1 0.101

available treatments [29]. Outcomes of treated advance
PDAC for the whole group in our study was comparable
to reports from other parts of the World [27, 30, 31].

Majority of real-world retrospective reports comparing
the efficacy of FOLFIRINOX with GnP as a first line have
resulted in better ORR, and longer PFS and OS in favour
of FOLFIRINOX which is similar to our patient popula-
tion [23, 25, 28, 30-33]. On the other hand, Prospective
studies comparing the efficacy of FOLFIRINOX with
GnP as a first-line are scarce with one trial from Japan
(JCOG1611, GENERATE) that failed to show superior-
ity of FOLFIRINOX over GnDP, in contrast it resulted in
numerically longer OS in GnP arm and was terminated
for futility [34]. Recently, the NAPOLI 3 trail compared
NALIRIFOX vs. GnP in the first-line setting of patients
with mPDAC. The trial showed superiority of NALIR-
IFOX over GnP with median OS of 11-1 months vs. 9-2
months (HR 0-83; 95% CI 0-70-0-99; p=0-036), adding
another option to the first-line treatment landscape [11].
Currently, there are no studies comparing FOLFIRINOX
with NALIRIFOX. Since NALIRIFOX was not approved
during our study period we believe that our patient
cohort represent a homogeneously treated patients with
standard of care.

Patients who received FOLFIRINOX as first-line
treatment in our study have achieved an ORR of 38.3%,
median PFS was 6.5 months (95% CI, 5.8-7.3; p=<0.001),
and median OS was 12.3 months (95% CI, 10.8-13.8;
p=<0.001) that was comparable to what was reported
in PRODIGE 4/ACCORD 11 trial showing 31.6% ORR,
median PFS and OS was 6.4 months, and 11.1 months,
respectively [9]. Similarly, the cohort who received GnP
regimen as first-line treatment yielded an ORR of 34.4%,
median PFS and OS was 6.2 months, and 9.7 months

which was comparable to the reported results of MPACT
trial showing a 23% ORR, 5.5 months, and 8.5 months
median PFS and OS, respectively [10]. Single-agent Gem
as first-line in our study have resulted in 9.5% ORR,
mPFS was 2.5 months, and mOS was 5.2 months. This is
secondary to selecting Gem in older and less fit patients
unlike randomised controlled trials [8—10].

In our cohort 60% of patient receiving first-line treat-
ment required any dose reduction with FOLFIRINOX
having the highest percentage (70%), 69% in GnP, and
33% in Gem. Our study did not assess for the trend in
using standard vs. modified FOLFIRINOX. This can
explain the high rate of dose reduction in FOLFIRINOX
regimen. It is noteworthy that dose reduction in FOL-
FIRINOX regimen does not alter its efficacy as shown
in a recent meta-analysis of modified FOLFIRINOX vs.
standard FOLFIRINOX in metastatic PDAC [35]. In
this meta-analysis the ORR for was (33.8% versus 28.2%;
p=0.1) for modified FOLFIRINOX, and standard FOL-
FIRINOX, respectively. This finding is comparable with
the ORR of 31.6% in the PRODIGE 4/ACCORD 11 trial
[9, 35]. In addition, the rates of neutropenia and febrile
neutropenia in the modified FOLFIRINOX group were
lower as reported in the PRODIGE 24/ACCORD 24 trial
[36].

49% of our patients have received second-line treat-
ment similar to reported literature [13, 21, 25]. In our
study gemcitabine-based treatment was the most com-
mon used representing 58.2% which is in line with FOL-
FIRINOX being the most common first-line regimen.
Most studies in the second line setting have evaluated
5-FU based regimens. Second-line GnP post FOLFIRI-
NOX was studied in single arm phase II trial resulting
in median PFS of 5.8 months (95% CI, 4.3—8.7) which is
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higher than our cohort with median PFS was 3.8 months
[16].

Our multi-variate analysis has showed no difference
between FOLFIRINOX and GnP when used as first-line
regimen, however both were better than Gem single
agent. Additionally, ECOG-PS, and NLR were indepen-
dent prognostic factors for both PFS and OS that is con-
sistent with other reports in the literature [24, 25, 32].
Other reports have highlighted that age and CA 19-9
as prognostic factor which we did not appreciate in our
analysis [25, 26, 37]. Some reports have described site
of metastasis as a prognostic factor with liver metasta-
sis having worse prognosis, in our study liver metastasis
was not an independent prognostic factor [25, 26, 37].
Patients with unresectable LA PDAC had numerically
better PFS and OS compared with de novo metastatic
disease, but this did not reach statistical significance pos-
sibly due to the small number of patients.

While our study demonstrates comparable outcomes
to global benchmarks, it is important to consider the
unique context of the Saudi Arabian healthcare system.
For example, while FOLFIRINOX and gemcitabine-based
regimens are considered standard of care globally, treat-
ment accessibility and physician preferences may differ
across regions. For instance, modified FOLFIRINOX is
frequently used in Western settings to improve tolerabil-
ity, whereas data on its utilization in Saudi Arabia remain
limited due to variability in treatment protocols across
centers. Additionally, variations in patient demographics
and risk factors, such as obesity or diabetes, could con-
tribute to observed differences in survival rates compared
to Asian cohorts. Furthermore, healthcare infrastructure
in Saudi Arabia, though advanced, may face unique chal-
lenges such as centralized oncology services and limited
access to molecular testing, as seen in the low rates of
BRCA and mismatch repair testing in our cohort (5.8%
and 7.1%, respectively). In contrast, countries with well-
established precision oncology programs report higher
rates of genetic profiling, which may allow for more per-
sonalized treatment strategies. These differences under-
score the importance of regional studies like ours, as they
provide valuable insights into the real-world application
of global treatment guidelines and highlight areas for
improvement in healthcare delivery and accessibility.

Our manuscript highlights the outcomes of patients
with locally advanced unresectable and metastatic pan-
creatic ductal adenocarcinoma treated in Saudi Arabia,
emphasizing the need for future research in several key
areas. Future studies should explore molecular biomark-
ers to identify genetic alterations that could guide treat-
ment decisions, integrate novel therapeutic agents such
as targeted therapies and immunotherapies to improve
patient outcomes, and assess patient-reported outcomes
to better understand the impact of treatments on quality
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of life. Additionally, focusing on personalized treatment
strategies and long-term follow-up could enhance under-
standing and management of this aggressive cancer, ulti-
mately aiming to improve survival rates and treatment
effectiveness in this patient population.

Our study has several limitations, First, being retro-
spective, second, the choice of first-line treatment regi-
men was done by the treating physicians from different
centers with no clear criteria have been established and
possibly influenced by treatment availability. Third, the
protocol used of each regimen differs for each center.
Lastly, some prognostic factors, such as body mass index
(BMI), smoking, and molecular testing were not exam-
ined due to lack of data. On the other hand, the strength
of our study lies in its large sample size and its multi-
center design, which includes ten major centers repre-
senting diverse geographical regions of the country in a
real-world setting.

Conclusions

In conclusion, our real-world data have demonstrated
that our current practice across Saudi Arabia centers
for treating advance PDAC matches the global stan-
dards with similar outcomes observed in the pivotal
RCT. First-line treatment regimen choice is an indepen-
dent prognostic factor and still we have no clear answer
if FOLFIRINOX is superior to GnP. Hence, our findings
provide important information about our patient’s clini-
cal characteristics, guide policy makers in future initia-
tives, local guidelines, and clinical decision-making.
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CCRT Concurrent Chemoradiotherapy
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