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Abstract

Background Pancreatic cancer (PC) is a highly aggressive malignancy with limited treatment options. Although
gemcitabine monotherapy (G treatment) has long been a standard treatment, combination therapies, such as
gemcitabine with albumin-bound paclitaxel (AG treatment), have shown improved outcomes and were approved by
the FDA for the PC. However, the AG treatment is also associated with increased adverse events (AEs), which remain
inadequately evaluated in real-world settings.

Methods We utilized the FDA Adverse Event Reporting System (FAERS) to conduct a large-scale pharmacovigilance
analysis comparing the safety profiles of G and AG treatments for PC. By analyzing adverse event data from the

third quarter of 2013 to the second quarter of 2024 and quantifying AE signals with reporting odds ratio (ROR) and
proportional reporting ratio (PRR) methods, we compared the risk of AEs between the groups. Time to onset (TTO),
subgroup and logistic regression analyses were also performed.

Results The study revealed a higher proportion of male (n=2307, 54.1%) and elderly patients (age > 65years,
n=2172,50.9%) in the AG treatment group compared to the G treatment group. We found 17 preferred terms with
positive signals at the top 50 common AEs, especially in gastrointestinal and blood systems. Cardiac and neurological
AEs also needed to be vigilant. Biliary sepsis and infectious enterocolitis were newly identified AEs and deserve
attention. Median TTO was 34 (IQR: 8-103) days (G) and 41 (IQR: 10-104) days (AG), with most AEs occurring within
the first month (48.3% and 44%). Subgroup analysis revealed that male patients using the AG treatment had the
highest risk of immune-mediated hepatitis (ROR=23.51,95% Cl=3.21-172.1), while elderly patients had elevated risks
for presyncope (ROR=24.84, 95% Cl=3.40-181.28) and falls (ROR=18.60, 95% Cl=2.53-136.97). Logjistic regression
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(adjusted OR=1.36,95% CI=1.10-1.69, P<0.01).

analysis

showed higher-risk fatal outcomes in males (adjusted OR=1.42, 95% Cl=1.15-1.76, P<0.01) and elderly patients

Conclusion This research offers critical safety insights in real-world settings, emphasizing patients at heightened AEs
risk and informing clinical decision-making in PC treatment.

Keywords Pancreatic cancer, Gemcitabine, Albumin-bound paclitaxel, FAERS, Adverse event, Disproportionality

Introduction

Pancreatic cancer (PC) is a highly aggressive malignancy;,
with a five-year survival rate of less than 12%, and is
marked by rising incidence and mortality rates world-
wide [1]. Despite advancements in cancer treatment,
therapeutic options for PC remain limited, and progress
in improving patient outcomes has been slow [2]. There-
fore, developing effective and safe treatment regimens is
crucial for enhancing patients’ survival and quality of life
with PC.

Since its approval in 1997, gemcitabine has been a
cornerstone of first-line treatment for advanced PC [3].
However, gemcitabine’s effectiveness as a standalone
treatment is limited. To improve treatment outcomes,
researchers have explored various combination thera-
pies [4—6]. Among these, the combination of gemcitabine
and albumin-bound paclitaxel (the AG treatment) was
approved by the Food and Drug Administration (FDA)
in 2013 for the treatment of metastatic PC, representing
a significant breakthrough [6]. This combination therapy
demonstrated substantial survival benefits in a phase III
clinical trial, extending the median overall survival from
6.7 months with gemcitabine alone to 8.5 months [7].
Although the advantages of the AG treatment in terms
of efficacy, safety concerns cannot be overlooked. Com-
pared to gemcitabine monotherapy (G treatment), the
AG treatment may increase the incidence and severity of
certain adverse reactions. In previous clinical trials, the
major adverse reactions associated with AG treatment
included myelosuppression, peripheral neuropathy, and
fatigue [7]. However, existing studies primarily focus on
efficacy, with safety assessments limited to small sample
sizes. Moreover, due to the strict eligibility criteria and
controlled environments, safety data from clinical trials
may not fully reflect real-world settings. Currently, there
is a lack of large-scale post-marketing safety studies on
the use of AG for treating PC.

The FDA Adverse Event Reporting System (FAERS) is
a spontaneous reporting database that offers advantages
such as large sample sizes, broad coverage, and reflec-
tion of real-world medication usage [8]. Utilizing this
database enables large-scale pharmacovigilance analy-
ses to compare the safety profiles of different treatment
regimens. Therefore, this study aims to utilize the FAERS
database to compare the risk of adverse events (AEs)

associated with G and AG treatments in patients with
PC, exploring the time to onset of AEs and potential risk
factors influencing patients’ fatal outcomes. This research
hopes to provide comprehensive safety reference infor-
mation for clinical practice, including treatment selection
and the prevention and management of AEs.

Methods

Data extraction and processing

The study workflow is presented in Fig. la. Data were
sourced from the FAERS database, containing adverse
event reports (AERs) submitted to the US FDA by health-
care professionals, consumers, and manufacturers [9].
The data extraction period covered the third quarter of
2013 to the second quarter of 2024 and included seven
sections: patient demographic (DEMO), drug-related
information (DRUG), adverse event data (REAC),
reported source information (RPSR), therapeutic start
and end dates of the reported drugs (THER), drug usage
or diagnostic indications (INDI), and patient outcomes
related to adverse events (OUTC) [10]. Specifically,
DEMO provided patient details like age, gender, weight
and country; REAC supplied adverse event data; DRUG
included drug names and therapeutic specifics; RPSR
provided the reporter’s profession; OUTC covered
patient outcomes; THER offered therapeutic start/end
dates and adverse event onset times; and INDI provided
diagnostic and drug usage information.

Duplicate records were removed according to the
recommended methodology. The fields PRIMARYID,
CASEID, and FDA_DT (the submission date of the report
to the FDA) from the DEMO file were selected. For cases
with duplicate CASEIDs, the record with the most recent
EDA DT or the highest PRIMARYID was retained. As
shown in Fig. 1b, adverse events in the REAC file were
standardized using the Medical Dictionary for Regula-
tory Activities (MedDRA, version 27.0) [11]. MedDRA is
a hierarchical terminology system composed of multiple
levels, starting from the most specific Lower Level Term
(LLT) to Preferred Term (PT), High Level Term (HLT),
High Level Group Term (HLGT), and finally, System
Organ Class (SOC). The standardization process mapped
the originally reported adverse event terms to the cor-
responding standardized MedDRA terms. This study
primarily focused on the SOC and PT levels. Regarding
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Fig. 1 The flow chart of this study. Abbreviations: G treatment, gemcitabine monotherapy; AG treatment, gemcitabine combined with albumin-bound

paclitaxel

the OUTC file, adverse event outcomes were catego-
rized according to the FAERS database’s definition, such
as death, hospitalization, or life-threatening conditions.
Notably, the term “Other Serious” is also a predefined
category that meets the FDA’s criteria for seriousness but
does not fall into the specific predefined categories.

The keywords “gemcitabine” and “albumin-bound
paclitaxel” were used to retrieve relevant drug records
from DRUG file. The inclusion criteria for drugs were as
follows: 1. G treatment group: Drug A (gemcitabine) was
the primary suspect (PS) for suspected drugs, whereas
drug B (albumin-bound paclitaxel) was excluded (as a
secondary suspect drug, SS; concomitant drug, C; or
interacting drug, I). 2. AG treatment group: cases con-
taining drug A (PS) plus drug B (SS, C, I) or drug B (PS)
plus drug A (SS, C, I). To identify AERs related to pan-
creatic cancer, INDI file was searched using the following
terms: “pancreatic carcinoma’, “adenocarcinoma pan-
creas’, “ductal adenocarcinoma of pancreas’, “cystadeno-

” o«

carcinoma pancreas’, “acinar cell carcinoma of pancreas’,

“pancreatic carcinoma metastatic’, “pancreatic carcinoma
recurrent’, “pancreatic carcinoma stage iii;, “pancreatic

carcinoma stage iv”.

Disproportionality analysis

Disproportionality analysis is a widely used signal detec-
tion technique in pharmacovigilance, aimed to identify
potential drug safety signals by analyzing the reporting
ratios of drugs and adverse drug reactions (ADRs) in the
FAERS database. In this study, we utilized the reporting
odds ratio (ROR) and proportional reporting ratio (PRR)
methods, based on the 2 x2 contingency table (Table 1),
to identify and compare the associations between drugs
and ADRs [12, 13]. Both methods showed high sensitiv-
ity and strong performance in early signal detection [14].
The criteria for signal detection were as follows: ROR,
lower limit of the 95% CI (ROR025)>1, case reports>3
and PRR >2, chi-squared value (x*) 24. The relevant for-
mulas are provided in Supplementary Table 1. The asso-
ciation was identified as a potential safety signal when
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Table 1 Two-by-two contingency table for disproportionality
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Table 2 Clinical characteristics of patients with pancreatic

analysis cancer in two treatment groups from the FAERS database
Drug Target AEs  Other AEs Total Characteristics Gemcitabine Gemcitabine
Gemcitabine combined  a b a+b (n=8253) combined with
with albumin-bound albumin-bound
paclitaxel paclitaxel
Gemcitabine c d c+d Number of reports, n(%) 3987 (48.3) 4266 (51.7)
Total a+c b+d a+b+c+d Gender, n(%)
Abbreviation AEs, adverse events; a, number of reports containing both the ~ Male 1474 (37.0) 2307 (54.1)
gt b s bowd i e s e nsess 2o
of the gemcitlabline combined with albumin-bound paclitaxel; ¢, number of Missing 1384 (34.7) 237(5.6)
reports containing the target adverse drug reaction of gemcitabine; d, number Age (years), n(%)
of reports containing other adverse drug reactions of gemcitabine Median (IQR) 66 (59-73) 67 (59-72)
<18 11(0.2) 6 (0.1)
the results met the threshold criteria for both methods, 18-64 1084 (27.2) 1531 (35.9)
indicating that the risk of AE was higher with AG treat- 265 1398 (35.1) 2172(50.9)
ment compared to G treatment. The European Medi-  Missing 1494 (37.5) 557.(13.1)
cines Agency (EMA) establishes important medical — Weight (kg), n(%)
events (IMEs), including AEs characterized by severity. =~ Median (IQR) 65 (56.8-78) 68 (58-79)
Subgroup analyses were conducted by age (18—64 years <50 66(17) 209 (4.9)
and >65 years) and gender (male and female) to explore ~ °0-100 671(168) 1666 (39.1)
potential risk differences in ADRs among different popu- > 100 36(09) 85(20)
lations. Furthermore, a risk comparison of AEs was also Missing 3214 (806) 2306 (54.1)
made between the two treatment groups within the first ~ Reporter, n(%)
30 days of onset. Consumer 582 (14.6) 376 (8.8)
Health Professional 685 (17.2) 542 (12.7)
Time-to-onset (TTO) analysis Physician 1103 (27.7) 1740 (40.8)
Time to onset (TTO) was defined as the interval between Other Pr?feSSional 1406 (353) 1395(327)
the date of the AE (EVENT_DT) and the start date of Ph_ar_maC'St 162 {4.1) 202 (47)
Missing 49 (1.2) 11(0.3)

the drug administration (START_DT). Only cases with
complete and accurate date records were included in the
analysis. TTO was stratified, and the median and inter-
quartile range (IQR) were used to quantitatively describe
the distribution of adverse event occurrence. TTO was
compared between groups using the Mann-Whitney U
test. Subsequently, the Weibull shape parameter (WSP)
was performed to model changes in AE incidence over
time for the two treatment groups [15]. The WSP param-
eter B was used to evaluate the failure type of the AE:
when B=1, it indicates random AE occurrence; when
B <1, the risk of AE decreases over time; and when p>1,
the risk of AE increases over time.

Logistic regression analysis

To investigate factors associated with fatal outcomes
(Death), accounting for 17% of cases in the G treatment
and 16% in the AG treatment. We performed univari-
able and multivariable logistic regression analyses. The
independent variables included age, gender, weight, and
drug treatment group (G and AG treatment). Age was
categorized into two groups: <65 years and >65 years,
while weight was divided into three categories: <80 kg,
80-100 kg, and >100 kg. P-values less than 0.05 were
considered statistically significant.

Abbreviation interquartile range, IQR

R Software (Version 4.2.1) and Microsoft Excel (Ver-
sion 2021) were used for all analyse.

Results

Descriptive analysis

In Table 2, 3987 (48.3%) reports of pancreatic cancer
patients received gemcitabine monotherapy, while 4266
(51.7%) received gemcitabine combined with albumin-
bound paclitaxel, based on the total number of reports
(n=28253). The AG treatment group had a higher propor-
tion of male patients (54.1% vs. 37.0%) and older patients
(median age: 67 years, IQR 59-72, with 50.9% aged =65
years) compared to the G treatment group (median age:
66 years, IQR 59-73, with 35.1% aged > 65 years). Regard-
ing weight, a greater proportion of patients in the AG
treatment group weighed between 50 and 100 kg (39.1%
vs. 16.8% in the G treatment group), although missing
data were considerable in both groups (54.1% and 80.6%,
respectively). In terms of reporting sources, physicians
contributed more reports in the AG treatment group
(40.8% vs. 27.7% in the G treatment group), with addi-
tional reports from other professionals and consumers.
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Figure 2a illustrates the number of reported cases
between 2013 and 2024. During the early years (2013—
2015), the number of G treatment-reported cases
increased steadily, reaching a peak of 521 in 2015. In
contrast, the AG treatment initially had very few reports
(27 in 2013), but this number surged to 606 by 2016,
with a subsequent peak of 639 in 2020. Figure 2b and ¢
present that the top reporting countries for G treatment
include the United States (1369 reports; 34.3%), followed
by Japan (611 reports; 15.3%) and France (358 reports;
9.0%). For AG treatment, the United States again ranks
first (868 reports; 20.3%), closely followed by Canada (818
reports; 19.2%) and Japan (479 reports; 11.2%). The larg-
est proportion of outcomes reported for G treatment was
categorized as “Other Serious,” accounting for 54% of the
total cases. Hospitalization and death were also impor-
tant outcomes, comprising 23% and 17% of the cases,
respectively (Fig. 2d). For AG treatment, hospitalization
was the most frequent outcome (44% of cases), followed
by “Other Serious” (33%) and death (16%) (Fig. 2e).

Figure 3 displays the number of AEs categorized by
SOC for the two treatment groups. The G treatment
group reported 10,540 adverse reactions, while the AG
treatment group reported 12,041. For G treatment, the
top three SOC categories were general disorders and
administration site conditions (1861 cases), blood and
lymphatic system disorders (1738 cases), and gastroin-
testinal disorders (1163 cases). The top three SOC cat-
egories for AG treatment were gastrointestinal disorders
(1746 cases), blood and lymphatic system disorders (1687
cases), and general disorders and administration site con-
ditions (1556 cases).

Comparison of safety signals between AG and G

treatments at the PT level using disproportionality analysis
According to the ranking of the top 50 frequency of PTs
in the AG treatment group, a total of 17 positive safety
signals (PTs) were identified, of which 9 were classi-
fied as IMEs, which indicates that the risk of these AEs
is higher with AG treatment than with G treatment
(Table 3). In the comparison of AG treatment to G treat-
ment, notable signals in the blood and lymphatic sys-
tem disorders included febrile neutropenia (ROR=2.47,
95% CI=1.86-3.29), and disseminated intravascular
coagulation (ROR=2.15, 95% CI=1.28-3.62). Gastro-
intestinal disorders also demonstrated significant posi-
tive signals, including abdominal pain (ROR=2.24, 95%
CI=1.72-2.93), constipation (ROR=2.91, 95% CI=1.87—
4.51), upper gastrointestinal haemorrhage (ROR=4.49,
95%CI1=2.2-9.17), colitis (ROR=2.23, 95% CI=1.36—
3.66), and stomatitis (ROR=3.88, 95% CI=2.07-7.26).
Infections and infestations were highlighted with sig-
nals for sepsis (ROR=2.79, 95% CI=2.14-3.65), pneu-
monia (ROR=2.39, 95% CI=1.78-3.2), biliary tract
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infection (ROR=20.24, 95% CI=6.37-64.33), and infec-
tion (ROR=2.15, 95% CI=1.28-3.62). Nervous system
disorders included cerebrovascular accident (ROR =3.18,
95% CI=1.83-5.54) and paraesthesia (ROR=7.17, 95%
CI=3.07-16.75). Investigations revealed neutrophil
count decreased (ROR=2.39, 95% CI=1.59-3.59). Addi-
tionally, metabolism and nutrition disorders included
dehydration (ROR=2.23, 95% CI=1.58-3.15), and vas-
cular disorders noted hypotension (ROR=3.51, 95%
CI=2.03-6.08). Cardiac disorders, such as atrial fibril-
lation (ROR=2.87, 95% CI=1.61-5.11), were also
observed. All PTs meeting the positive signal threshold
can be found in Supplementary Table 2.

The subgroup analysis identified 23 positive PTs in
male patients, 20 in female patients, 14 in the 18 to 64 age
group, and 23 in patients aged 65 years and older. Notably,
in male patients, the risk of several AEs was significantly
higher with AG treatment compared to G treatment,
including immune-mediated hepatitis (ROR=23.51,
95% CI=3.21-172.1), septic shock (ROR=3.12, 95%
CI=1.44-6.74), gastrointestinal hemorrhage (ROR =2.84,
95%CI=1.3-6.19), hypertransaminasemia (ROR=2.28,
95% CI=1.07-4.84) and vomiting (ROR=2.07, 95%
CI=1.37-3.12). In female patients, elevated risks were
observed for fall (ROR=9.96, 95% CI=2.37-41.82), syn-
cope (ROR=7.46, 95% CI=1.75-31.82), urinary tract
infection (ROR=6.87, 95% CI=2.09-22.58), embolism
(ROR=3.26, 95% CI=1.24-8.6), fatigue (ROR =2.55, 95%
CI=1.6-4.06), peripheral neuropathy (ROR=2.55, 95%
CI=1.53-4.26), alopecia (ROR=2.13, 95% CI=1.07-
4.22), dyspnea (ROR=2.25, 95% CI=1.34-3.78), and
cholangitis (ROR=2.02, 95% CI=1.07-3.81). Among
patients aged 18 to 64 years, high-risk AEs included
immune-mediated hepatitis (ROR=16.37, 95% CI=2.2—
122.06), bile duct stenosis (ROR=15.55, 95% CI=2.08-
116.22), and cholangitis (ROR =3.03, 95% CI=1.51-6.11).
In elderly patients (=65 years), there was an increased
risk for presyncope (ROR=24.84, 95% CI=3.4-181.28),
fall (ROR=18.60, 95% CI=2.53-136.97), small intestinal
obstruction (ROR=17.22, 95% CI=2.33-127.14), mus-
cular weakness (ROR=3.99, 95% CI=1.54-10.33), neu-
rotoxicity (ROR =3.86, 95% CI=1.49-9.99), urinary tract
infection (ROR =3.05, 95% CI =1.34-6.93), platelet count
decreased (ROR =2.60, 95% CI=1.41-4.8), and decreased
appetite (ROR=2.22, 95% CI=1.4-3.51). In the first 30
days of onset, AG treatment was associated with a higher
risk of certain AEs than G treatment, including cholan-
gitis (ROR=7.71, 95% CI=1.86-32.02), disseminated
intravascular coagulation (ROR=6.28, 95% CI=1.5—
26.26), atrial fibrillation (ROR=3.77, 95% CI=1.14—
12.43), neutrophil count decreased (ROR=3.41, 95%
CI=1.34-8.63), platelet count decreased (ROR=2.49,
95% CI=1.12-5.54), and abdominal pain (ROR=2.35,
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95% Cl=1.2-4.62). Detailed information regarding the
PTs can be found in Supplementary Tables 3-7.

TTO analysis

In the G treatment group, the major AEs of cases (48.3%)
occurred within the first 30 days, totaling 372 reports.
The next highest categories were 91-180 days (16.5%, 127
cases) and 31-60 days (14.8%, 114 cases), with very few
cases reported after 360 days (1.6%, 12 cases) (Fig. 4a).
Similarly, in the AG treatment group, 44% of cases (960
reports) occurred within the first 30 days, followed by
31-60 days (17%, 371 cases) and 91-180 days (16.5%, 359
cases). Cases reported after 360 days were minimal (3.3%,
73 cases) (Fig. 4b). The median onset time for the G treat-
ment group was 34 days (IQR: 8-103 days), while the

AG treatment group had a median onset time of 41 days
(IQR: 10-104 days). A comparison of median onset times
showed no statistically significant difference between the
two groups (P=0.10). The WSP suggests an early failure
type for both groups, indicating a decline in the incidence
of AEs over time (Fig. 4C and D).

The subgroup analysis of TTO evaluated differences
by gender and age between the two treatment groups.
In female patients, the G treatment group had a median
onset time of 37 days, compared to 40 days for the AG
treatment group (P=0.16), indicating no significant
difference. In male patients, the AG treatment group
exhibited a significantly longer median onset time of
42 days compared to 27 days for the G treatment group
(P<0.001). Among patients aged 18-64 years, the
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Table 3 Comparing safety signals of gemcitabine with or without albumin-bound paclitaxel at the PT level (The top 50 frequency of
adverse drug reactions in AG treatment)

System Organ Class  PT Number of AG Number of G ROR (95%Cl) PRR (x)
treatment treatment
Blood and lymphatic ~ Neutropenia 335 266 (O 94-1.3) 1.1 (1.45)
system disorders Anaemia 316 209 33(1.12-1.59) 1.32(10.18)
Thrombocytopenia 297 292 0.89 (O 75-1.05) 0.89 (2.04)
Febrile neutropenia** 182 65 247 (1.86-3. 29) 245 (41.59)
Leukopenia 130 110 03 (0.8-1.34) 1.03 (0.07)
Pancytopenia 75 50 1(0.92-1.88) 1.31(2.25)
Thrombotic microangiopathy 49 300 0. 14( ) 0.14
(219.79)
Disseminated intravascular coagulation** 49 20 15 (1.28-3.62) 214 (8.7)
Gastrointestinal Diarrhoea 254 116 94 (1.55-2.42) 1.92 (3549)
disorders Vomiting 226 106 88 (149-2. 37) 1.87 (29.44)
Nausea 224 138 43 (1.1 77) 42 (10.81)
Abdominal pain* 193 76 224 (1.72-2. 93) 222(37.12)
Constipation* 86 26 291(1.87-4.51) 2.9 (24.89)
Colitis** 56 22 2.23(1.36-3.66) 2.23(10.73)
Gastrointestinal haemorrhage 55 53 091 (0.62-1.33) 0.91 (0.25)
Stomatitis* 53 12 3.88 (2.07-7. 26) 3.87(20.85)
Upper gastrointestinal haemorrhage** 46 9 449 (2.2-9.17) 447 (20.35)
Ascites 46 53 0.76 (0.51-1.13) 0.76 (1.88)
General disorders and  Pyrexia 318 141 2 (1.64-2.44) 97 (47.92)
administration site Fatigue 221 111 176 (14-2.21) 174 (23.74)
conditions Asthenia 145 9 42 (1.09-1.84) 141 (6.7)
Oedema peripheral 113 73 36 (1.01-1.83) 1.35(4.16)
General physical health deterioration 94 49 68 (1.19-2. 38) 1.68 (8.9)
Infections and Sepsis** 224 71 2.79 (2.14-3.65) 2.76 (61.38)
infestations Pneumonia** 168 62 239(1.78-32) 237(363)
Biliary tract infection** 69 3 20.24 (6.37-64.33) 20.13
(52.44)
Septic shock 54 32 1.48 (0.95-2.29) 148 (3.11)
Infection* 49 20 2.15(1.28-3.62) 4(8.7)
Respiratory, tho- Dyspnoea 132 61 1.9(1.4-2.58) 89 (17.76)
racic and mediastinal  |nterstitial lung disease 9 121 0.68 (0.52-0.89) 0.68 (8.04)
disorders Pneumonitis 84 72 02 (0.74-1.4) 102 (0.02)
Pleural effusion 73 94 0.68 (0.5-0.92) 0.68 (6.25)
Pulmonary embolism 54 59 0.8 (0.55-1.16) 0.8 (1 4)
Nervous system Peripheral neuropathy 188 123 1.34(1.07-1.69) 4 (6.43)
disorders Neurotoxicity 59 30 72(1.11-2.68) 1.72 (6 04)
Cerebrovascular accident** 58 16 3.18(1.83-5.54) 7(18.72)
Paraesthesia* 49 6 7.17 (3.07-16.75) 5(28.34)
Investigations Platelet count decreased 96 44 92 (1.34-2.74) 1.91(13.16)
Neutrophil count decreased* 87 32 2.39(1.59-3.59) 2.38(18.81)
White blood cell count decreased 50 25 75 (1.08-2.84) 1.75 (5.38)
Weight decreased 46 39 03 (0.67-1.58) 1.03 (0.02)
Metabolism and nutri- Decreased appetite 125 67 64 (1.22-2. 21) 63 (10.79)
tion disorders Dehydration* 114 45 2.23(1.58-3.15) 222(2172)
Hepatobiliary Cholangitis 108 51 86 (1.33-2.6) 1.85(13.71)
disorders Hypertransaminasaemia 49 22 95 (1.18-3.23) 1.95 (7.04)
Skin and subcutane-  Alopecia 91 44 82 (1.27-2.61) 1.81(10.82)
ous tissue disorders  Rash 53 70 066 (0.46-0.95) 066 (5.21)
Renal and urinary Acute kidney injury 86 94 0.8(0.6-1.07) 0.8 (2.24)

disorders
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Table 3 (continued)

System Organ Class  PT Number of AG Number of G ROR (95%Cl) PRR (x%)
treatment treatment

Vascular disorders Hypotension* 64 16 3.51 (2.03-6.08) 3.5(22.95)

Cardiac disorders Atrial fibrillation** 49 15 2.87 (1.61-5.11) 2.86(13.92)

Abbreviation Asterisks (*) indicate statistically significant signals in the algorithm; two asterisks (**) further indicate Important medical events (IMEs); ROR, reporting
oddsratio; PRR, proportional reporting ratio; PT, preferred term; 95%Cl, 95% confidence interval; G treatment, gemcitabine monotherapy; AG treatment, gemcitabine

combined with albumin-bound paclitaxel

[GV] (B)
Time to event onset (G treatment) Time to event onset (AG treatment)

>360 days{ 16% II2 >360 days 33% .73
181-360 days ] 09% -m 181-360 days 85% - 185
91-180 daysq 16.5% -127 91-180 days 16.5% _159

Percentage
I Number of cases
61-90 days- 83% -64 61-90 days 10.7% -233
3160 dos T 3160 das -
53% 39% 26% 13% 0 100 200 300 400 46%  37% 2% 18% 9% 0 200 400 600 800 1000

©) |:|: (D)

Median onset time (IQR): 34 (8-103)
WSP B(95% CI):0.75 (0.71-0.79)

Number of cases

367

0 400 800 1200
Time to event onset(days)

1934

=}
2
3

Median onset time (IQR): 41 (10-104)
WSP B(95% CI):0.75 (0.72-0.77)

Number of cases

645

0 500 1000 1500
Time to event onset(days)

Fig. 4 The time to onset and weibull distribution analysis of AEs among two treatment groups. (@) Time to onset for G treatment-related AEs (b) Time to
onset for AG treatment-related AEs (c) The box plot, histogram and weibull distribution of onset time for G treatment-related AEs (d) The box plot, histo-
gram and weibull distribution of onset time for AG treatment-related AEs. Abbreviations AEs, adverse events; WSP, weibull shape parameter; 95% Cl, con-
fidence interval; IQR, interquartile range; G treatment, gemcitabine monotherapy; AG treatment, gemcitabine combined with albumin-bound paclitaxel

Table 4 Multivariable logistic regression models of fatal
outcomes (Death)

Variable Number of cases  Adjusted OR (95%Cl) P
Gender

Female 1104 1.00 (Reference)

Male 1508 142 (1.15-1.76) <0.01
Age(years)

<65 1036 1.00 (Reference)

>65 1576 1.36 (1.10-1.69) <0.01
Weight (kg)

<80 2000 1.00 (Reference)

80-100 496 0.62 (0.46-0.82) <0.01
>100 116 0.90 (0.54-1.47) 0.66
Drug therapy

G treatment 734 1.00 (Reference)

AG treatment 1878 1.18 (0.94-1.49) 0.16

Abbreviation OR: odds ratio; Cl: confidence interval; G treatment, gemcitabine
monotherapy; AG treatment, gemcitabine combined with albumin-bound
paclitaxel; p <0.05 were considered statistically significant

median onset times were 32 days for G treatment and 45
days for AG treatment (P=0.13). In the older subgroup
(=65 years), the median onset time for G treatment was
28 days, compared to 38 days for AG treatment (P=0.11).
No significant differences in TTO were observed between
the two treatments in either age group. The Weibull dis-
tribution analysis indicated that all subgroups exhibited
an early failure type, with further details provided in Sup-
plementary Tables 8 and Supplementary Fig. 1.

Logistic regression analysis

Table 4 summarizes the multivariable logistic regression
models assessing factors associated with fatal outcomes
(Death) in patients receiving treatment. Males had a
significantly higher risk of death than females, which
revealed an adjusted OR of 1.42 (95% CI=1.15-1.76,
P<0.01), indicating that male patients are 42% more
likely to experience fatal outcomes. Elderly patients
also demonstrated a higher likelihood of death, with an
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adjusted OR of 1.36 (95% CI=1.10-1.69, P<0.01). Con-
versely, patients weighing between 80 and 100 kg had a
reduced risk of death, with an adjusted OR of 0.62 (95%
CI=0.46-0.82, P<0.01). Patients weighing over 100 kg
and the treatment groups were not significantly associ-
ated with death. Univariable analysis results are in Sup-
plementary Table 9.

Discussion

Previous research on treating PC with gemcitabine or
albumin-bound paclitaxel has primarily focused on clini-
cal trials and literature reviews. Comparative studies on
post-marketing safety remain limited. Therefore, we uti-
lized the FAERS database to comprehensively investigate
post-marketing AERs associated with these two treat-
ment regimens, aiming to guide their clinical applica-
tion. By analyzing data from the third quarter of 2013 to
the second quarter of 2024, we compared the risk of AEs
associated with G and AG treatments in patients with
pancreatic cancer. We identified 17 safety signals (PTs)
among the top 50 most common AEs, of which 9 were
classified as IMEs. Gender and age were risk factors for
fatal outcomes through logistic regression analysis. Addi-
tionally, subgroup and TTO analyses revealed differences
in the risk of AEs among various populations and peri-
ods, offering clinicians new monitoring directions and
potential risk indicators.

The study revealed specific trends related to gender
and age. In both treatment groups, a higher proportion
of males experienced related AEs, with rates of 54.1%
and 37.0%, respectively. The largest number of reports
came from elderly patients, reflecting the high incidence
of PC within this demographic. According to the Ameri-
can Cancer Society, PC incidence is higher in males than
females, and age is a significant risk factor, with approxi-
mately two-thirds of patients being 65 or older [16]. In
the present study, death ratios in outcomes were compa-
rable between the two treatment groups, at 17% and 16%,
respectively. Further logistic regression analysis showed
no significant difference between the two treatments in
terms of fatal outcomes, suggesting that AG treatment
may be safe and tolerable. However, males and elderly
patients were identified as high-risk groups for fatal out-
comes, emphasizing the need for clinicians to remain
vigilant and conduct risk-benefit assessments for these
populations [17].

As observed in previous studies, myelosuppression is
a common hematologic adverse reaction associated with
gemcitabine or albumin-bound paclitaxel, manifesting as
neutropenia, leukopenia, anemia, and thrombocytope-
nia [18, 19]. To prevent complications such as infections,
physicians should regularly monitor hematologic param-
eters. Current management strategies include supportive
therapies, such as granulocyte colony-stimulating factor
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(G-CSF) and erythropoietin (EPO) [20, 21]. While gem-
citabine effectively inhibits cancer cell proliferation, it
also impacts rapidly proliferating normal cells, leading to
myelosuppression [22]. This condition results from gem-
citabine’s effects on hematopoietic stem and progenitor
cells (HSPCs), as evidenced by reduced cell proliferation
and alterations in gene expression related to bone mar-
row cell proliferation and differentiation [23]. In mouse
models, gemcitabine has demonstrated cytotoxic effects
on bone marrow, increasing the frequency of micronu-
clei and chromosomal aberrations [24]. Albumin-bound
paclitaxel, a nanoparticle formulation of paclitaxel bound
to human serum albumin, may enhance gemcitabine’s
intratumoral concentration by reducing cytidine deami-
nase (CDA) levels through reactive oxygen species (ROS)
induction [25]. Although AG treatment has shown sur-
vival benefits for PC patients, clinical trials have reported
higher rates of febrile neutropenia and neutropenia in
the AG treatment group compared to the G treatment
group (3% vs. 1% and 38% vs. 27%, respectively) [7]. In
this study, disproportionality analysis further confirmed
that combination therapy increases the risk of neutrope-
nia and febrile neutropenia. These findings highlight the
importance of monitoring AEs during AG treatment to
ensure patient safety.

Gastrointestinal disorders are the most common SOC
of AEs associated with AG treatment in patients with
PC, with a total of 1746 reported cases. Consistent with
previous studies, gastrointestinal reactions are frequent
side effects of cancer chemotherapy [26]. The underlying
mechanisms involve factors such as gut microbiota dys-
biosis and inflammatory responses, leading to treatment
interruptions, dose reductions, or even discontinuation,
negatively affecting patient outcomes [27]. According to
our findings, diarrhea, vomiting, and nausea were the
most frequently reported AEs. However, compared to G
treatment, AG treatment was associated with a signifi-
cantly higher risk of abdominal pain, constipation, colitis,
stomatitis, and upper gastrointestinal hemorrhage. The
synergistic effects of combination therapy may increase
cytotoxicity in the gastrointestinal tract, potentially
explaining the elevated risk of these AEs. The study has
found that the use of probiotics can improve gut micro-
bial composition, thereby alleviating side effects [28].
Gastrointestinal toxicity remains a challenge, underscor-
ing the need for further research and the development of
effective management strategies to mitigate these AEs.

Compared to G treatment, AG treatment may increase
the risk of atrial fibrillation (AF) (ROR=2.87, 95%
CI=1.61-5.11), a relatively rare AEs in the cardiac dis-
orders category. Recent reports of gemcitabine-associ-
ated AF underscore the importance of monitoring for
symptoms such as dyspnea and palpitations after infu-
sion [29]. While AG treatment offers efficacy benefits,
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vigilant monitoring of potential AEs, including cardiac
events, is essential for patient safety. Neurological AEs
are also notable; previous studies indicate a higher inci-
dence of peripheral neuropathy in PC patients on AG
treatment group(17% vs. 1%), possibly due to paclitaxel’s
impact on microtubule stability, which causes axonal
damage and neuropathy symptoms [7, 30]. Although
effective measures are limited, IL-20 inhibition may alle-
viate paclitaxel-induced neurotoxicity while preserving
its anticancer effects, suggesting a potential therapeutic
approach [31]. Our study found reported frequencies
of peripheral neuropathy to be 188 in the AG treatment
group and 123 in the G treatment group, with no signifi-
cant difference in overall risk. However, stratified analysis
indicates a higher risk of peripheral neuropathy in female
patients receiving AG treatment. Further subgroup anal-
ysis reveals that elderly patients show increased risks of
presyncope ((ROR=24.84, 95% CI=3.4-181.28) and
fall (ROR=18.60, 95% CI=2.53-136.97). Differences in
weight, metabolism, and changes in metabolic enzymes
that affect pharmacokinetics across different ages and
genders may help explain the biological mechanisms
underlying AEs [32]. Therefore, age- and gender-specific
analyses in pharmacovigilance are crucial for effectively
addressing drug safety in diverse patient populations [33,
34].

In this study, immune-mediated hepatitis (IMH) was
identified as a significant AE associated with AG treat-
ment. Subgroup analysis revealed that male patients had
the highest risk of developing IMH (ROR=23.51, 95%
CI=3.21-172.1). IMH is an inflammatory liver injury
caused by aberrant immune responses [35]. Its underly-
ing mechanism is likely related to immune dysregulation
induced by chemotherapy [36]. One study demonstrated
that gemcitabine combined with avelumab may activate
specific immune cells, such as T cells or natural killer
cells, leading to autoimmune attacks on hepatocytes [37].
In combination therapy, this effect may be further ampli-
fied by chemotherapy-related hepatic inflammation [38],
particularly in patients with pre-existing liver impair-
ment or increased metabolic burden. Key clinical mani-
festations include significantly elevated liver enzymes,
jaundice, and, in severe cases, liver failure. So, close mon-
itoring of liver function is essential for patients receiving
AG treatment to detect and manage potential IMH early.

Biliary sepsis was another notable AE identified in AG
treatment (ROR=3.07, 95% CI=1.01-9.32). Evidence
from previous studies showed that biliary sepsis occurred
only with combination therapy, such as gemcitabine with
cisplatin, and not with monotherapy, further supporting
the link between combination chemotherapy and biliary
infections [39]. This AE is likely associated with chemo-
therapy-induced immunosuppression and neutropenia,
as indicated by the strong signal for febrile neutropenia
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in AG treatment in our study. Additionally, pancreatic
cancer patients often experience biliary obstruction or
require biliary stents, increasing their susceptibility to
biliary infections [40].

In terms of gastrointestinal infections, this study
identified a relatively strong association between infec-
tious enterocolitis and AG treatment (ROR=8.19, 95%
CI=2.49-26.93). This condition is commonly attributed
to chemotherapy-induced immunosuppression and com-
promised intestinal barrier function [41]. Moreover, a
randomized controlled trial demonstrated a higher inci-
dence of Clostridium difficile infection (CDI) in patients
treated with AG compared to those receiving AG com-
bined with pharmacologic ascorbate [42]. This may be
due to disruption of intestinal epithelial integrity, par-
ticularly through the cell division-inhibiting effects of
paclitaxel [43], which can weaken the intestinal barrier
and facilitate CDI colonization and infection. The infec-
tion-related AEs identified in AG treatment significantly
impact patient treatment and prognosis. To mitigate
these risks, comprehensive pre-treatment assessments
of intestinal integrity should be conducted. For high-risk
patients, enhanced infection prevention and immune
management are essential to ensure treatment safety and
efficacy [44].

This study also analyzed the TTO of AEs and estab-
lished a Weibull distribution model to predict occurrence
trends, facilitating the development of an effective moni-
toring timeline for ADRs. The results indicated that most
AEs occurred within the first month of treatment, with
no significant difference in median TTO between the
groups. Given that the majority of AEs in both treatment
groups were concentrated within the first 30 days, we
focused specifically on AERs from this period and con-
ducted risk comparisons at the PT level. Significant AEs
with notable risk differences included disseminated intra-
vascular coagulation, neutropenia, thrombocytopenia,
abdominal pain, cholangitis, and atrial fibrillation. These
findings highlight the importance of early monitoring in
identifying and managing potential AEs, providing valu-
able guidance for risk management during treatment.
Early intervention, such as dosage adjustments and sup-
portive care strategies [45, 46], can enhance medication
safety and improve patient outcomes.

However, this study also has several important limita-
tions. Firstly, the FAERS database consists of spontaneous
reports from consumers, physicians, and pharmacists,
which may lead to selection bias or data underreporting,
thereby limiting our ability to conduct an in-depth analy-
sis of the relationship between drug usage and AEs [47,
48]. Secondly, the data primarily originate from Europe
and the United States, which may introduce geographical
reporting bias. Therefore, future studies should include
data from a broader range of regions to enhance the
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generalizability of the findings. Lastly, while this study
focuses on specific drugs and their indications, thus
enhancing the specificity of the results, it is important to
note that reports in the FAERS database cannot estab-
lish causal relationships between drugs and AEs; they
can only provide preliminary signals of potential risks.
Further research is needed to validate the findings of
this study. Subsequent studies should incorporate more
extensive datasets, including electronic medical records
and longitudinal research, to enhance the reliability of
drug safety evaluations.

Conclusion

In conclusion, this study addresses the research gap in
real-world safety evaluations of the AG treatment for
pancreatic cancer. Utilizing FAERS data from 2013 to
2024 and pharmacovigilance algorithms, we compared
the safety profiles of G and AG treatments. The analysis
identified a higher risk of AEs in the AG group, particu-
larly in blood, gastrointestinal, cardiac, and neurological
events, with a pronounced impact on male and elderly
patients. These findings highlight the need for AEs moni-
toring in high-risk groups to improve treatment safety
and AEs management strategy in patients. Given the lim-
itations of the FAERS database, more rigorous studies are
needed to validate our findings.
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