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Introduction

Sepsis-related mortality in middle-aged and older pancreatic cancer patients constitutes a significant public health issue. This study seeks to analyze trends in the age-adjusted mortality rate (AAMR) for sepsis-related fatalities among these patients in the United States from 1999 to 2023, employing data from the most recent CDC WONDER database. The temporal patterns revealed from this analysis are anticipated to guide subsequent research and public health initiatives.





Methods

The CDC WONDER database was used to look at how many middle-aged and older pancreatic cancer patients in the U.S. died from sepsis between 1999 and 2023. The study utilized AAMR to evaluate temporal mortality patterns among adults aged 45 and older, categorized by race, census region, urban/rural residency, and state, using the Joinpoint regression tool. We calculated the annual percent change (APC) and the average annual percent change (AAPC), and we supplied 95% confidence intervals.





Results

During the study period, the sepsis-related death rate among middle-aged and elderly pancreatic cancer patients exhibited a notable increase, with an AAPC of 2.89. Male patients consistently demonstrated a greater AAMR compared to females, with a notable increase recorded [AAPC = 2.73 (95% CI 1.61 to 3.87)]. Black or African American patients had the greatest AAMR, which also went up a lot [AAPC = 2.62 (95% CI 1.76 to 3.48)]. The mortality burden increased significantly with age, reaching its highest point in the 75–84 age range. A regional study found that the Midwest had the highest rise in AAMR [AAPC = 3.74 (95% CI 2.50 to 5.00)]. Urban people consistently exhibited a higher AAMR compared to rural communities, despite the most significant increase in AAMR occurring among rural populations [AAPC = 3.51 (95% CI 2.09 to 4.94)].





Conclusion

This study’s findings reveal substantial inequalities among gender, ethnicity, age, and geographic regions. These differences show how important it is to quickly implement targeted measures to lower mortality, especially among individuals at high risk.
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Introduction

Pancreatic cancer (PC) is a highly aggressive tumor of the digestive system with a dismal prognosis, characterized by limited therapy options and frequent severe consequences, predominantly affecting middle-aged and older patients (1–3). Sepsis is a major complication that affects both the quality of life and the prognosis of patients since it happens so often and kills so many people (4, 5). The definition of sepsis, which is infection-induced, life-threatening organ dysfunction, offers a common framework for population-based surveillance and mechanistic discussions (6).Patients with pancreatic cancer are especially susceptible to secondary infections and the onset of sepsis, aggravated by tumor-induced bile duct obstruction, immunological dysfunction, and different interventions including surgery, interventional therapies, and systemic chemotherapy (7, 8). For example, those with advanced pancreatic ductal adenocarcinoma (PDAC) who also have acute cholangitis (AC) only live for an average of 4.1 months, which shows how devastating sepsis can be (4). A national study on cancer patients with infectious shock found that, even though short-term mortality rates have improved, the one-year mortality rate for pancreatic cancer patients is still quite high at 81.3% (9). Additionally, postoperative complications—particularly those of an infectious nature—significantly restrict the odds for patients to get later adjuvant treatment, further decreasing their long-term results (10).

The interaction between pancreatic cancer and sepsis establishes a complex pathophysiological network, wherein the relationship transcends mere causality, perpetuating a detrimental loop of mutual reinforcement. This network is propelled by systemic inflammation instigated by the tumor, coagulopathy, the activation of prevalent molecular signaling pathways, and the potential direct influence of infectious agents on tumor advancement (11–14).Tumor-related biological vulnerabilities may increase the risk of infection, as experimental studies have demonstrated that tumor-bearing patients are more likely to die and have higher microbial burdens and immune imbalances under comparable septic stimulation (15).

According to data from inpatient databases, sepsis in patients with pancreatic cancer is linked to a considerable increase in in-hospital mortality, complications, and resource usage (16).Even while we know more about how these things work together, there isn’t enough information in the existing literature about how sepsis affects middle-aged and older pancreatic cancer patients over time in different demographic groups. The lack of this kind of information makes it hard to come up with specific public health measures and healthcare policies that could help ease the burden of the condition. Longitudinal studies are critically required to investigate the patterns in sepsis-related mortality in pancreatic cancer patients, as this data may yield significant insights for enhancing medical practices and informing future legislation.

Our research aims to fill this void by analyzing the long-term trends of sepsis-related mortality among middle-aged and elderly pancreatic cancer patients in the United States from 1999 to 2023. We want to find patterns and risk variables that affect death rates by breaking the data down by age, race, gender, census population, and whether the person lives in a city or a rural area. There are a lot of reasons why it’s important to understand these trends. First, it will assist find groups of people who are at high risk and might benefit from focused interventions. Second, it will help us understand how well past public health interventions worked and help us plan for the future. Lastly, this study is very important for improving clinical care, guiding prevention initiatives, and finding high-risk subgroups since it shows how sociodemographic differences affect pancreatic cancer patients’ sepsis-related deaths.





Methods




Study setting and population

The research complies with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines, focusing on examining mortality data related to sepsis in pancreatic cancer patients across the United States between 1999 and 2023 (17). The information came from the Centers for Disease Control and Prevention’s (CDC) Epidemiological Research Online Database (CDC WONDER), which has death certificate records from all 50 states and the District of Columbia (18). The International Classification of Diseases, 10th Revision (ICD-10) codes were used to sort death data. Codes A40 (streptococcal sepsis) and A41 (other sepsis) were used to define sepsis. ICD-10 code C25 was used to find pancreatic cancer (19). Multiple causes of death were analyzed using public-use records to examine sepsis-related mortality in pancreatic cancer patients. In patients with pancreatic cancer, listed sepsis may not always be the leading cause of death because CDC WONDER depends on death certificates. This study did not require Institutional Review Board (IRB) approval, as it utilized a publicly available, de-identified dataset provided by the government, and did not involve direct interaction with human subjects.





Data abstraction

Information regarding the entire demographic of middle-aged and older people was gathered and classified according to gender, race/ethnicity, age brackets (45–54 years to 85+ years), census area, and urbanization stage (metropolitan vs. regions outside metropolitan areas, Health and Human Services (HHS), and the year. The 2013 National Center for Health Statistics (NCHS) urban-rural classification system was used to determine levels of urbanization (20). Counties boasting a population exceeding 50,000 were categorized as metropolitan, whereas the rest were deemed non-metropolitan. The classification of races and ethnicities encompassed Hispanic/Latino and non-Hispanic categories, which were further broken down into White, Black/African American, and various other races categorized as “non-Hispanic other.” As per the United States According to the Census Bureau, census areas were segmented into Northeast, Midwest, South, and West (21).





Statistical analysis

CDC WONDER provided the yearly death statistics and demographic projections. The AAMR values were determined through a direct approach and aligned with the standard population of the U.S. in 2000 (22). The AAMR figures were presented for every 100,000 people, with 95% confidence intervals (CI) calculated under the assumption of a Poisson distribution. Nonetheless, in age-group stratification, the analysis was limited to basic mortality rates due to the CDC WONDER platform’s lack of support for computing age-adjusted rates for age-specific subgroups. The probable cause of this constraint is the mismatch in adapting certain age categories to fit the typical population. Despite this, basic rates continue to be effective in depicting fundamental mortality patterns. To avoid unstable estimates, we eliminated annual data units with fewer than 10 deaths; however, this suppression made it difficult to analyze longitudinal trends. As a result, we only examined the percentage change in mortality for HHS regions from 1999 to 2023. Utilizing the Joinpoint regression software (version 5.4.0, sourced from the National Cancer Institute, Bethesda, Maryland), we examined temporal mortality patterns and pinpointed meaningful statistical variations by applying the most suitable linear model to the data (23). This software employs a logarithmic-linear approach to identify major shifts in patterns over time, along with a Monte Carlo permutation technique to autonomously determine the quantity and positioning of joinpoints, thereby enhancing the model’s accuracy. In its final form, the model presents the APC for every segment at the joinpoints, accompanied by the corresponding 95% confidence interval. To determine the AAPC and its 95% confidence interval, the Joinpoint regression algorithm’s weighted mean of the APC values was employed. The AAPC encapsulates the pattern of mortality throughout the entire duration of the study. A two-tailed t-test was employed to determine the statistical importance of both APC and AAPC, maintaining a significance threshold of p < 0.05 (24).






Results




Overall

In the United States, there were 33,724 fatalities from sepsis in pancreatic cancer patients between 1999 and 2023 (Supplementary Table 1). The AAMR for these patients dropped a lot between 1999 and 2003 [APC: -4.11 (95% CI −6.18 to −2.00)], but then went up a lot again between 2003 and 2012, 2012 and 2017, and 2017 and 2023 [APC: 3.67 (95% CI 2.97 to 4.38), 6.98 (95% CI 5.33 to 8.65), and 3.23 (95% CI 2.53 to 3.93), respectively] (Figure 1). The AAPC was substantially 2.89 (95% CI 2.35 to 3.44) across the whole study period, which means that age-adjusted death rates were consistently going up (Supplementary Table 2).
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Figure 1 | Joinpoint model of sepsis among middle-aged and elderly patients with pancreatic cancer AAMR per 100,000 residents by sex, 1999-2023. Temporal trend segments are represented by APC values. (*APC Significant. APC, annual percentage change; AAMR, age-adjusted mortality rate).





Sex

From 1999 to 2023, the mortality rate for sepsis was consistently greater in male pancreatic cancer patients than in female patients. From 1999 to 2003, there was a considerable drop in the number of females (APC: -5.67 [95% CI: −10.64 to −0.42]). There was a big rising tendency from 2003 to 2023, nevertheless (APC: 4.68 [95% CI: 4.31 to 5.06]) (Figure 1). The total AAPC for women was 2.88 (95% CI: 1.97 to 3.80) (Supplementary Table 2).

For males, the AAMR exhibited a non-significant decline from 1999 to 2002 (APC: -6.45 [95% CI: −12.72 to 0.27]). There were big jumps in the years 2002–2011, 2011–2017, and 2017–2023, with APCs of 3.08 (95% CI 1.63 to 4.54), 6.73 (95% CI 4.38 to 9.13), and 3.11 (95% CI 1.75 to 4.49), respectively (Figure 1). The overall AAPC for men was 2.73, with a 95% confidence interval of 1.61 to 3.87 (Supplementary Table 2).





Race

When the data were analyzed by race, non-Hispanic Black or African American participants demonstrated a markedly elevated AAMR during the study period, yielding an overall AAPC of 2.62 (95% CI: 1.76 to 3.48) (Supplementary Table 2). The rate did go up from 1999 to 2010, but this shift was not statistically significant (APC: 0.51 [95% CI: −1.12 to 2.16]) (Figure 2). But from 2010 to 2023, there was a clear rising tendency (APC: 4.44 [95% CI: 3.50 to 5.39]).Hispanic or Latino persons exhibited a steady rise in sepsis-related mortality, with the most significant increase noted among all racial categories (AAPC: 3.42 [95% CI: 2.51 to 4.33]). For non-Hispanic other people, the increase was the smallest, with an overall AAPC of 1.54 (95% CI: 0.87 to 2.21). From 1999 to 2003, the death rate for non-Hispanic White people went down, although this was not statistically significant (APC: -5.43 [95% CI: −10.62 to 0.06]). After that, it went up significantly until 2023 (APC: 5.01 [95% CI: 4.62 to 5.41]). Overall, the AAPC for this group was 3.19 (95% CI: 2.24 to 4.16), indicating a consistent upward trend in mortality.

[image: Line chart showing age-adjusted mortality rates per 100,000 population from 1999 to 2023. Different colors represent racial groups: Hispanic (red), NH Black (green), NH White (blue), and NH Other (purple). The chart illustrates trends and highlights annual percentage changes (APC) for each group, with NH Black showing significant increase post-2010.]
Figure 2 | Joinpoint model of sepsis among middle-aged and elderly patients with pancreatic cancer AAMR per 100,000 residents by race, 1999-2023. Temporal trend segments are represented by APC values. (*APC Significant. APC, annual percentage change; AAMR, age-adjusted mortality rate).





Census regions

Mortality rates linked to sepsis in pancreatic cancer patients differed among various census areas. Initially, in the Midwest, there was an inconsequential decline in the rate between 1999 and 2004 (APC: -2.20 [95% CI: −5.77 to 1.50]), succeeded by notable rises in the intervals of 2004-2012, 2012-2017, and 2017-2023. Specifically, the APCs were 4.93 (95% CI 2.90 to 6.99), 8.68 (95% CI 4.85 to 12.65), and 3.26 (95% CI 1.63 to 4.92), respectively (Figure 3). The overall AAPC in the Midwest was 3.74 (95% CI 2.50 to 5.00), the highest among all regions (Supplementary Table 2). In the South, sepsis-related mortality rates slightly declined from 1999 to 2003 and then showed a modest increase until 2010, though these changes were not statistically significant. However, significant increases were observed from 2010 to 2017 and from 2017 to 2023, with APCs of 7.83 (95% CI 6.28 to 9.41) and 2.52 (95% CI 1.36 to 3.69), respectively. The overall AAPC for the South was 2.85 (95% CI: 1.93 to 3.77).In the West, the mortality rate declined from 1999 to 2005, but this decrease was not statistically significant. A significant increase was observed thereafter, continuing through 2023 (APC: 4.55 [95% CI: 4.03 to 5.06]). The overall AAPC in the West was 3.33 (95% CI: 2.38 to 4.28). Interestingly, the Northeast was the only region that did not show a statistically significant overall AAPC during the study period. However, between 2001 and 2023, a significant increase in sepsis-related mortality was observed in this region (APC: 3.52 [95% CI: 2.97 to 4.08]).

[image: Line graph showing age-adjusted mortality rates (AAMR) per 100,000 population from 1999 to 2023, differentiated by U.S. Census regions: Northeast, Midwest, South, and West. Each region's trend is shown with colored lines and shaded areas representing confidence intervals. Rates generally increase after 2010. Detailed average percentage changes over specific periods are listed in the legend.]
Figure 3 | Joinpoint model of sepsis among middle-aged and elderly patients with pancreatic cancer AAMR per 100,000 residents by census regions, 1999-2023.Temporal trend segments are represented by APC values. (*APC Significant. APC, annual percentage change; AAMR, age-adjusted mortality rate).





Urban/rural

During the study period, the AAMR for urban populations remained consistently the highest, while rural populations experienced the most significant increase in the AAPC. Among urban populations, a downward trend was observed from 1999 to 2003, followed by an upward trend from 2018 to 2020; however, neither trend was statistically significant (APC: −2.89 [95% CI −6.31 to 0.66] and 0.48 [95% CI −6.19 to 7.62], respectively). Notably, significant increases were observed during the periods from 2003 to 2012 and from 2012 to 2018, with APCs of 3.19 (95% CI 2.04 to 4.34) and 6.45 (95% CI 4.59 to 8.33), respectively (Figure 4). The overall AAPC for urban populations was 2.65 (95% CI: 1.59 to 3.73) (Supplementary Table 2).

[image: Line graph comparing age-adjusted mortality rates (AAMR) per 100,000 population for metropolitan (red) and nonmetropolitan (blue) areas from 1999 to 2020. Both lines show increasing trends, with nonmetropolitan rates rising more steeply after 2005. Shaded areas represent confidence intervals. Text annotations provide annual percentage changes (APC) with confidence intervals for different time periods.]
Figure 4 | Joinpoint model of sepsis among middle-aged and elderly patients with pancreatic cancer AAMR per 100,000 residents by urban or Rural, 1999-2023. Temporal trend segments are represented by APC values. (*APC Significant. APC, annual percentage change; AAMR, age-adjusted mortality rate).

In contrast, rural populations showed a non-significant downward trend from 1999 to 2005 (APC: −4.29 [95% CI: −8.64 to 0.26]), followed by a significant increase through 2020 (APC: 6.80 [95% CI: 5.82 to 7.79]). The overall AAPC for rural populations was 3.51 (95% CI: 2.09 to 4.94), representing the largest increase among all population groups.





Age groups

The overall mortality rate increased across all age groups. Among individuals aged 45-54, a significant increase in mortality was observed from 2003 to 2023 (APC: 5.28; 95% CI 4.59 to 8.33). Although this age group represents the smallest cohort, it showed the largest overall increase in AAPC, with a value of 3.53 (95% CI: 1.66 to 5.44). A similar trend was noted in the 55–64 age group, where mortality rates rose steadily after 2004, leading to an AAPC of 3.10 (95% CI: 1.59 to 4.63). In the 65–74 age group, a sharp increase in mortality was observed from 2009 to 2018 [APC: 6.47 (95% CI: 4.88 to 8.09)], with an overall AAPC of 3.18 (95% CI: 2.27 to 4.10) (Figure 5). For individuals aged 75-84, the mortality rate significantly increased from 2009 to 2023 [APC: 5.13 (95% CI: 4.42 to 5.85)], and, from 2011 onwards, the AAMR in this group consistently remained higher than in other age groups. The 85 and older age group was the only group without a significant overall AAPC (Supplementary Table 2); however, a significant increase in mortality was observed from 2003 to 2023 (APC: 3.39 [95% CI: 2.61 to 4.18]).
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Figure 5 | Joinpoint model of sepsis among middle-aged and elderly patients with pancreatic cancer AAMR per 100,000 residents by age groups, 1999-2023. Temporal trend segments are represented by APC values. (*APC Significant. APC, annual percentage change; AAMR, age-adjusted mortality rate).





HHS regions

Due to sparse data or data labeled as ‘suppressed’ or ‘unreliable’ in certain states, which impacted the reliability of statistical results, the analysis was ultimately conducted by Health and Human Services (HHS) region. From 1999 to 2023, significant variations in the percentage change of sepsis-related mortality rates among pancreatic cancer patients were observed across the U.S. HHS regions(Supplementary Table 3). The region with the largest percentage change in mortality was HHS Region 10 (769.23%), which includes Alaska, Idaho, Oregon, and Washington. In contrast, the region with the smallest percentage change was HHS Region 2 (103.74%), encompassing New Jersey and New York(Figures 6, 7). Despite these regional differences, the percentage change in mortality rates showed an upward trend across all HHS regions.
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Figure 6 | Percent change of sepsis among middle-aged and elderly patients with pancreatic cancer death by HHS regions (Bar Chart), 1999 and 2023.
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Figure 7 | Percent change of sepsis among middle-aged and elderly patients with pancreatic cancer death by HHS regions (Choropleth Map), 1999 and 2023.






Discussion

The research examined death rates linked to sepsis among middle-aged and older patients with pancreatic cancer from the CDC WONDER database, aiming to investigate demographic trends over time from 1999 to 2023. We defined sepsis deaths using only ICD-10 A40–A41 in order to facilitate national temporal trend comparability, as opposed to more recent coding strategies and a more expansive definition of sepsis. This is in line with the NCHS “113 Select Causes of Death” category for “Septicemia.” This might understate the number of cases, but it won’t change the trend’s trajectory.During the duration of the study, there was a steady escalation in the total AAMR, especially pronounced starting in 2003. Through joinpoint regression, three separate stages of escalation were pinpointed, highlighting the escalating incidence of sepsis among this vulnerable group. Mortality rates also increased with age, reinforcing the well-established notion that advanced age is a significant risk factor for poorer outcomes. Multiple studies have indicated that patients aged ≥65 or ≥75 years experience notably higher 90-day mortality and complication risks following pancreatic resection, with sepsis and septic shock emerging as major threats (25, 26).

When stratified by gender, significant differences were observed between male and female populations. The AAMR for males was consistently higher than for females, aligning with existing evidence that male pancreatic cancer patients face greater risks of complications and mortality. This gender disparity is especially pronounced in sepsis and its associated adverse outcomes.Additionally, biological sex itself affects immune programming: women have stronger innate and adaptive immune responses overall, partly because female immune cells are able to escape the inactivation of important innate immune genes on the X chromosome (like TLR7), which has the effect of enhancing anti-pathogen responses. Men may have less control over infection loads in middle and old age if they do not have this beneficial pathway (27, 28). Additionally, progesterone suppresses inflammatory factors prior to menopause, and estrogen (through the ERα/GPER pathway) may offer protection in middle-aged and older women by regulating the endothelial barrier, antioxidant, and anti-inflammatory signaling (29). However, E2/P4 levels quickly drop after menopause, which lessens this protective effect in women to some extent. However, men still have a higher risk of sepsis-related mortality due to their combined overall immune response and comorbidity burden, which includes obesity and type 2 diabetes (30, 31).Progesterone has been shown in animal and cell studies to downregulate oxidative stress, myeloperoxidase activity, and TNF-α/IL-6 in sepsis, indicating that it may have immunosuppressive inflammation and organ protection properties. Although these benefits decrease with postmenopausal decline in E2 levels, estrogen can also have protective effects through antioxidant defenses, macrophage regulation, and enhancements in microcirculatory perfusion and endothelial barrier function (32). The routine use of sex hormones for treating sepsis is not currently supported by these biological mechanisms, despite the fact that they offer tenable explanations for women’s lower AAMR (33).

The fatality rates associated with sepsis in pancreatic cancer patients vary markedly among different racial groups. During the study period, non-Hispanic Black or African American individuals demonstrated a significantly elevated AAMR relative to other racial groups, yielding an overall AAPC of 2.62 (95% CI: 1.76 to 3.48). This difference is due to long-term systemic racial discrimination and unfairness in healthcare, jobs, education, and the justice system, which have led to higher death rates for this group (34, 35). A comprehensive retrospective analysis utilizing the U.S. National Inpatient Sample revealed that race and gender are key determinants affecting inpatient mortality rates among individuals hospitalized for end-stage diseases, such as pancreatic cancer and sepsis. The study showed that Black patients had higher rates of death in the hospital than White patients, stayed longer in the hospital, and paid more for medical care. These differences are probably caused by a complicated mix of social, cultural, and economic variables.The study also showed that Black patients were less likely to obtain “Do Not Resuscitate” (DNR) orders. This could be because of cultural differences in how people plan for their care and make decisions regarding life-sustaining therapies when they have end-stage diseases (36). The pancreatic cancer stages of non-Hispanic Blacks and African Americans are more advanced, they receive less high-standard treatment, and they have less access to multidisciplinary care pathways and high-volume surgical centers. Following sepsis, these variables, along with a higher incidence of diabetes and obesity, increase the risk of death and disadvantage long-term survival (37).

A more in-depth look at the death rates from sepsis among pancreatic cancer patients of different races shows that Hispanic or Latino people had the highest increase in death rates. A comprehensive national investigation examining patients with febrile neutropenia (FN) and Clostridium difficile infection (CDI) yielded substantial direct evidence correlating Hispanic identity with elevated inpatient death rates. In this study, most of the patients had cancer, and the analysis found that being Hispanic was a strong predictor of inpatient death, along with other known risk factors like being older, having hematologic malignancies, and having sepsis. This study explicitly linked Hispanic identity to an increased mortality risk in cancer patients experiencing specific viral comorbidities (38).In addition to tumor-specific investigations, more general observations can also provide useful information. For example, a study on recurrent pneumococcal bacteremia discovered that all recurrent patients were either African American or Hispanic, with malignancy serving as an independent predictor of recurrence (39). Between 1999 and 2020, the mortality rates from pancreatic cancer rose more sharply among Hispanics and Latinos, indicating the combined impact of increased metabolic risks (such as obesity and type 2 diabetes), a higher incidence of late-stage medical presentations, and different treatment approaches in this demographic (40). This phenomena cannot be ascribed to a singular source; rather, it arises from the interaction of multiple aspects, including socioeconomic level, healthcare access and quality, comorbidity burden, and possibly genetic predisposition (41). The tumor and its treatment weaken the immune system, making these people more likely to get infections (42, 43). The extra risk factors in the Hispanic population also make their prognosis worse.

Among all regions, the Midwest experienced the most significant increase in deaths related to sepsis in pancreatic cancer patients. Latest studies indicate an increase in the count of acute critical diseases linked to cancer in the Midwest. Research shows a rising trend in the incidence of cardiac arrests linked to sepsis within hospitals (SA-IHCA) in this region (44). Hospitals in the Midwest, South, and West frequently encounter Acute Respiratory Distress Syndrome (ARDS), a critical and frequent sepsis complication (45). Within the expansive countryside areas of the U.S. In the Midwest, recognizing and handling sepsis presents unique challenges (46). A retrospective cohort study at a Midwest academic medical center revealed that severely sick patients with sepsis and septic shock transferred from community hospitals experienced considerable delays in receiving vital therapies compared to those directly admitted to specialist institutions (47, 48). Specifically, moved patients were markedly less likely to obtain suitable initial antibiotic treatment, and a reduced percentage got fluid resuscitation within the crucial 3-hour timeframe. These delays go against the main ideas of early goal-directed therapy for sepsis. This problem is widespread in sepsis treatment routes in the Midwest, where survivors of sepsis who have a cardiac arrest in the hospital are more likely to be moved to another hospital than to be sent home right away. Optimizing inter-hospital transfer processes and ensuring seamless continuity of care before, during, and after transfer are crucial to minimizing preventable delays and improving patient outcomes in sepsis management. The Midwest’s “metabolic geography,” which is defined by a high burden of obesity and diabetes, is associated with the greatest increase in sepsis-related mortality among patients with pancreatic cancer. Through immunological suppression, glucose excursions, and hyperglycemia brought on by stress, both can considerably worsen sepsis outcomes. The stress-induced hyperglycemia ratio (SHR) and sepsis mortality have been found to have a U/J-shaped relationship in recent studies based on intensive care unit data, indicating that abnormal glucose homeostasis is a stand-alone prognostic indicator. Patients with aberrant glucose metabolism are especially directly affected by this (49). The Midwest and South have high obesity rates, according to the CDC/NCHS report. These metabolic comorbidities, when combined with malnourishment, immunosuppression from chemoradiation, and biliary obstruction from pancreatic cancer, can readily lead to biliary/duct-related and postoperative infections, increasing the mortality rate from regional sepsis (50).

In the U.S., healthcare resources and high-risk populations are predominantly concentrated in urban areas, making sepsis a particularly prominent issue for cancer patients in these regions and posing a substantial challenge to the public health system. Studies indicate that a large number of cancer patients are treated in major urban hospitals, which also serve as critical centers for handling a variety of critically ill patients (51, 52). An analysis of the U.S. inpatient sample from 2001 to 2010 showed a 27.5% increase in admissions for emergency general surgery (EGS), with sepsis cases rising by 15%. The annual incidence rate of sepsis in this diverse patient population surpasses the total number of newly diagnosed cancer cases, with nearly 85% of patients receiving treatment in urban hospitals, underscoring the central role of urban healthcare systems in managing these cases (52).Hospital-acquired sepsis remains a significant challenge, particularly in large urban hospitals where high-risk patients are concentrated. A study conducted at four metropolitan-area hospitals found that the overall mortality rate for hospital-acquired bacteremia with urinary tract infection was as high as 30.8%, with 12.7% of deaths directly attributed to the infection (53). Almost all of these deaths occurred in high-risk patients with poor prognoses, such as those with malignancies, severe neurological disorders, or advanced liver and kidney diseases. Furthermore, another study identified specific sources of hospital-acquired infections, revealing that the insertion of central venous catheters was the strongest independent risk factor for hospital-acquired GBS infection, with an odds ratio of 30.9 (54). This risk is especially high for cancer patients who often require central venous access for chemotherapy or other treatments, highlighting the critical role of invasive medical procedures in the pathogenesis of hospital-acquired sepsis.

In contrast, the elevated death rate from sepsis in rural regions is intricately associated with the density of susceptible populations and their distinct clinical attributes. First, people with underlying comorbidities are at a higher risk in rural areas. In the same way, older people living in rural locations are more likely to die, with sepsis being a primary cause of death (55). Frailty, defined as age-related multisystem functional deterioration, is acknowledged as a critical risk factor for the onset of sepsis and septic shock in conditions such as acute pancreatitis, resulting in elevated fatality rates (56). The clinical appearance of rural patients upon admission is frequently more severe. Research within the Veterans Health Administration (VHA) framework showed a notable increase in sepsis diagnoses among patients in low-complexity rural intensive care units (ICUs) compared to those in urban ICUs, with their illness severity scores at admission being substantially higher (57). This implies that patients in rural areas may not receive intensive care until their disease has progressed, so complicating treatment and exacerbating outcomes. Numerous national studies and reviews have demonstrated that there are still differences between urban and rural areas in the United States when it comes to cancer outcomes. Changes in hospital capacity, quality implementation, and access to healthcare have been linked to slower and higher declines in cancer mortality in rural areas (58, 59).

In the future, dealing with sepsis-related deaths in people with pancreatic cancer will need a wide-ranging, multi-faceted approach. First, build a precise stratification model, comprehensively considering systemic factors, biological characteristics, comorbidities, and treatment exposure, as well as preempt prevention and monitoring; Second, surgical methods should always be improved, with a focus on minimally invasive procedures and other methods that lower the risk of infection while still being effective for cancer treatment. Third, infection control throughout the preoperative period and chemotherapy needs to be improved, with consistent procedures for prevention, early detection, and quick action. The ultimate objective is to diminish the incidence of sepsis through multidisciplinary collaboration, so enabling a larger cohort of pancreatic cancer patients to effectively finish their treatment regimens and optimize survival results.

Our study has a number of drawbacks. First, using ICD-10 death certificate codes exclusively could result in underreporting or incorrect classification, which would introduce measurement bias and compromise the precision of trend estimates. Second, there is a lack of individual-level clinical information in the data, including comorbidity severity, unique treatment exposures (such as chemotherapy, stenting, surgery, and intensive care unit admission), and cancer stage. This makes it difficult to control for potential confounders and may result in residual confounding. Additionally, the study was limited in its ability to draw conclusions regarding causal mechanisms due to the death certificate data’s lack of temporal ordering and fine temporal resolution, which made it impossible to discern sequential relationships between sepsis and cancer-related complications or treatments. Finally, the Joinpoint regression procedure’s crude mortality rates were the only data available for age group analyses. Inadequate information from the CDC WONDER database limited state analyses.





Conclusion

In summary, our research reveals a notable and continuous rise in death rates due to sepsis among middle-aged and older patients with pancreatic cancer in the U.S. between 1999 and 2023. Mortality’s impact is unevenly spread, showing notably elevated rates in Black or African American patients, men, those in the Midwest and cities, and the aged. The results highlight not just the biological severity of pancreatic cancer and its unfavorable outlook linked to sepsis, but also emphasize the inadequacies in existing preventive approaches, healthcare service inequalities, and management deficiencies.

Considering the persistently elevated risk of sepsis in this group, the findings support the creation of tailored sepsis risk models for pancreatic cancer in middle-aged and older patients. Furthermore, there is a demand for the enhanced incorporation of practical data into preventive measures and specific programs designed to diminish disparities in diagnosis and care. These efforts are expected to improve the challenging situation of pancreatic cancer complicated by sepsis, leading to longer survival and an enhanced quality of life for patients, while also helping to reverse the rising trend of sepsis-related deaths.





Data availability statement

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





Author contributions

AG: Software, Writing – original draft. YC: Software, Writing – original draft, Methodology. YHL: Writing – original draft, Methodology, Data curation. WH: Writing – original draft, Software. YL: Software, Writing – review & editing. TZ: Resources, Writing – review & editing. HY: Writing – review & editing, Investigation. PY: Supervision, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, and/or publication of this article.





Conflict of interest

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





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1696866/full#supplementary-material




References

	 Jiang P, Zong K, Peng D, Zhou B, Wu Z. Risk comparison of adverse reactions between gemcitabine monotherapy and gemcitabine combined with albumin-bound paclitaxel in pancreatic cancer: insights from the FDA Adverse Event Reporting System (FAERS) database. BMC Pharmacol toxicology. (2025) 26:65. doi: 10.1186/s40360-025-00884-5, PMID: 40108669


	 Alistar A, Morris BB, Desnoyer R, Klepin HD, Hosseinzadeh K, Clark C, et al. Safety and tolerability of the first-in-class agent CPI-613 in combination with modified FOLFIRINOX in patients with metastatic pancreatic cancer: a single-centre, open-label, dose-escalation, phase 1 trial. Lancet Oncol. (2017) 18:770–8. doi: 10.1016/S1470-2045(17)30314-5, PMID: 28495639


	 Tsiotos GG, Farnell MB, Sarr MG. Are the results of pancreatectomy for pancreatic cancer improving? World J Surg. (1999) 23:913–9. doi: 10.1007/s002689900599, PMID: 10449820


	 Singh I, Chou JF, Capanu M, Park J, Yu KH, Varghese AM, et al. Morbidity and mortality in patients with stage IV pancreatic adenocarcinoma and acute cholangitis: Outcomes and risk prognostication. Pancreatology. (2024) 24:608–15. doi: 10.1016/j.pan.2024.05.515, PMID: 38749803


	 Faraj W, Alameddine R, Mukherji D, Musallam K, Haydar A, Eloubiedi M, et al. Postoperative outcomes following pancreaticoduodenectomy: how should age affect clinical practice? World J Surg Oncol. (2013) 11:131. doi: 10.1186/1477-7819-11-131, PMID: 23742036


	 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). Jama. (2016) 315:801–10. doi: 10.1001/jama.2016.0287, PMID: 26903338


	 Breaza GM, Hut FE, Cretu O, Abu-Awwad SA, Abu-Awwad A, Sima L, et al. Impact of preoperative biliary stenting on intestinal dysfunction and perioperative complications after pylorus-preserving pancreaticoduodenectomy. Med (Kaunas Lithuania). (2025) 61(3):391. doi: 10.3390/medicina61030391, PMID: 40142203


	 Villaseñor-Echavarri R, Melchor-Ruan J, Aranda-Audelo M, Arredondo-Saldaña G, Volkow-Fernandez P, Manzano-Robleda MDC, et al. Surgical site infection following pancreaticoduodenectomy in a referral cancer center in Mexico. Hepatobiliary pancreatic Dis international: HBPD Int. (2024) 23:502–8. doi: 10.1016/j.hbpd.2023.04.004, PMID: 37076378


	 Kim YJ, Kim MJ, Kim YJ, Kim WY. Short and long-term mortality trends for cancer patients with septic shock stratified by cancer type from 2009 to 2017: A population-based cohort study. Cancers (Basel). (2021) 13(4):657. doi: 10.3390/cancers13040657, PMID: 33562125


	 Merkow RP, Bilimoria KY, Tomlinson JS, Paruch JL, Fleming JB, Talamonti MS, et al. Postoperative complications reduce adjuvant chemotherapy use in resectable pancreatic cancer. Ann Surg. (2014) 260:372–7. doi: 10.1097/SLA.0000000000000378, PMID: 24374509


	 Nevalainen TJ. Serum phospholipases A2 in inflammatory diseases. Clin Chem. (1993) 39:2453–9. doi: 10.1093/clinchem/39.12.2453


	 Hisada Y, Sachetto ATA, Mackman N. Circulating tissue factor-positive extracellular vesicles and their association with thrombosis in different diseases. Immunol Rev. (2022) 312:61–75. doi: 10.1111/imr.13106, PMID: 35708588


	 Tisdale MJ. Biochemical mechanisms of cellular catabolism. Curr Opin Clin Nutr Metab Care. (2002) 5:401–5. doi: 10.1097/00075197-200207000-00009, PMID: 12107376


	 Liu C, Chen J, Chen H, Zhang T, He D, Luo Q, et al. PCSK9 inhibition: from current advances to evolving future. Cells. (2022) 11(19):2972. doi: 10.3390/cells11192972, PMID: 36230934


	 Fox AC, Robertson CM, Belt B, Clark AT, Chang KC, Leathersich AM, et al. Cancer causes increased mortality and is associated with altered apoptosis in murine sepsis. Crit Care Med. (2010) 38:886–93. doi: 10.1097/CCM.0b013e3181c8fdb1, PMID: 20009755


	 Mohammed A, Gebremedhen AI, Souleymane M, Shanti I, Wiese J, Roy S, et al. Abstract 6232: pancreatic cancer epidemiology and impacts in patients admitted with sepsis: insights from a nationwide inpatient sample. Cancer Res. (2025) 85:6232. doi: 10.1158/1538-7445.AM2025-6232


	Strengthening the reporting of observational studies in epidemiology. Available online at: https://www.strobe-statement.org/ (Accessed August 5, 2025).


	 CDC WONDER. Available online at: https://wonder.cdc.gov/ (Accessed July 3, 2025).


	Free 2019 ICD-10-CM codes. Available online at: https://www.icd10data.com/ICD10CM/Codes/Changes/New_Codes/1?year=2019. Icd10data.com (Accessed July 2, 2025).


	 Aggarwal R, Chiu N, Loccoh EC, Kazi DS, Yeh RW, Wadhera RK. Rural-urban disparities: diabetes, hypertension, heart disease, and stroke mortality among black and white adults, 1999-2018. J Am Coll Cardiol. (2021) 77:1480–1. doi: 10.1016/j.jacc.2021.01.032, PMID: 33736831


	 Ingram DD, Franco SJ. NCHS urban-rural classification scheme for counties. Vital Health Stat Ser 2 Data Eval Methods Res. (2013) 2014:1–73.


	 Anderson RN, Rosenberg HM. Age standardization of death rates: implementation of the year 2000 standard. Natl vital Stat Rep. (1998) 47:1–16, 20.


	 Program Joinpoint Regression. Version 5.4.0 – Statistical methodology and applications branch. Bethesda, Maryland, USA: National Cancer Institute: Surveillance Research Program.  (2025).


	 Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression with applications to cancer rates. Stat Med. (2000) 19:335–51. doi: 10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z, PMID: 10649300


	 Shia BC, Qin L, Lin KC, Fang CY, Tsai LL, Kao YW, et al. Age comorbidity scores as risk factors for 90-day mortality in patients with a pancreatic head adenocarcinoma receiving a pancreaticoduodenectomy: A National Population-Based Study. Cancer Med. (2020) 9:562–74. doi: 10.1002/cam4.2730, PMID: 31789464


	 Makhija R, Tsai P, Kingsnorth A. Pylorus-preserving pancreatoduodenectomy with Billroth I type reconstruction: a viable option for pancreatic head resection. J hepato-biliary-pancreatic surgery. (2002) 9:614–9. doi: 10.1007/s005340200083, PMID: 12541049


	 Souyris M, Cenac C, Azar P, Daviaud D, Canivet A, Grunenwald S, et al. TLR7 escapes X chromosome inactivation in immune cells. Sci Immunol. (2018) 3(9):eaap8855. doi: 10.1126/sciimmunol.aap8855, PMID: 29374079


	 Souyris M, Mejía JE, Chaumeil J, Guéry JC. Female predisposition to TLR7-driven autoimmunity: gene dosage and the escape from X chromosome inactivation. Semin immunopathology. (2019) 41:153–64. doi: 10.1007/s00281-018-0712-y, PMID: 30276444


	 Zhang L, Wan H, Zhang M, Lu W, Xu F, Dong H. Estrogen receptor subtype mediated anti-inflammation and vasorelaxation via genomic and nongenomic actions in septic mice. Front Endocrinol (Lausanne). (2023) 14:1152634. doi: 10.3389/fendo.2023.1152634, PMID: 37265700


	 Aksoy AN, Toker A, Celık M, Aksoy M, Halıcı Z, Aksoy H. The effect of progesterone on systemic inflammation and oxidative stress in the rat model of sepsis. Indian J Pharmacol. (2014) 46:622–6. doi: 10.4103/0253-7613.144922, PMID: 25538334


	 Angele MK, Pratschke S, Hubbard WJ, Chaudry IH. Gender differences in sepsis: cardiovascular and immunological aspects. Virulence. (2014) 5:12–9. doi: 10.4161/viru.26982, PMID: 24193307


	 Hong L, Liang H, Man W, Zhao Y, Guo P. Estrogen and bacterial infection. Front Immunol. (2025) 16:1556683. doi: 10.3389/fimmu.2025.1556683, PMID: 40364840


	 Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et al. Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021. Crit Care Med. (2021) 49:e1063–e143. doi: 10.1097/ccm.0000000000005337, PMID: 34605781


	 Ma N, Yip R, Lewis S, Dinani A, Wyatt C, Crane M, et al. Environmental exposures are important risk factors for advanced liver fibrosis in African American adults. JHEP reports: Innovation hepatology. (2023) 5:100696. doi: 10.1016/j.jhepr.2023.100696, PMID: 36937989


	 Gavin AR, Woo B, Conway A, Takeuchi D. The association between racial discrimination, posttraumatic stress disorder, and cardiovascular-related conditions among non-hispanic blacks: results from the national epidemiologic survey on alcohol and related conditions-III (NESARC-III). J racial ethnic Health disparities. (2022) 9:193–200. doi: 10.1007/s40615-020-00943-z, PMID: 33496956


	 Rachoin JS, Debski N, Hunter K, Cerceo E. Factors associated with do not resuscitate status and palliative care in hospitalized patients: A national inpatient sample analysis. Palliative Med Rep. (2024) 5:331–9. doi: 10.1089/pmr.2024.0030, PMID: 39144137


	 Chu QD, Hsieh MC, Gibbs JF, Wu XC. Treatment at a high-volume academic research program mitigates racial disparities in pancreatic adenocarcinoma. J gastrointestinal Oncol. (2021) 12:2579–90. doi: 10.21037/jgo-20-584, PMID: 35070389


	 Siddiqui NS, Khan Z, Khan MS, Khan Z, Haq KF, Solanki SD, et al. Trends in incidence and outcomes of clostridium difficile colitis in hospitalized patients of febrile neutropenia: A nationwide analysis. J Clin gastroenterology. (2019) 53:e376–e81. doi: 10.1097/MCG.0000000000001171, PMID: 30614941


	 Turett GS, Blum S, Telzak EE. Recurrent pneumococcal bacteremia: risk factors and outcomes. Arch Internal Med. (2001) 161:2141–4. doi: 10.1001/archinte.161.17.2141, PMID: 11570945


	 Pompa IR, Ghosh A, Bhat S, Ragala S, Nwiloh A, Rasheed N, et al. Us cancer mortality trends among hispanic populations from 1999 to 2020. JAMA Oncol. (2023) 9:1090–8. doi: 10.1001/jamaoncol.2023.1993, PMID: 37382965


	 Bellini A, Keegan THM, Li Q, Maguire FB, Lyo V, Sauder C. Disparities in the occurrence of long-term effects of bone marrow suppression after treatment in adolescent young adult breast cancer survivors. Ann Surg Oncol. (2024) 31:7511–9. doi: 10.1245/s10434-024-15707-w, PMID: 39012466


	 Matter ML, Shvetsov YB, Dugay C, Haiman CA, Le Marchand L, Wilkens LR, et al. High mortality due to sepsis in Native Hawaiians and African Americans: The Multiethnic Cohort. PloS One. (2017) 12:e0178374. doi: 10.1371/journal.pone.0178374, PMID: 28558016


	 Barber RC, Aragaki CC, Chang LY, Purdue GF, Hunt JL, Arnoldo BD, et al. CD14–159 C allele is associated with increased risk of mortality after burn injury. Shock (Augusta Ga). (2007) 27:232–7. doi: 10.1097/01.shk.0000239770.10528.9a, PMID: 17304102


	 Desai R, Parekh T, Patel U, Hanna B, Damarlapally N, Patel C, et al. Regional trends in In-hospital Cardiac Arrest following sepsis-related admissions and subsequent mortality. Resuscitation. (2019) 143:35–41. doi: 10.1016/j.resuscitation.2019.08.007, PMID: 31408680


	 Rincon F, Ghosh S, Dey S, Maltenfort M, Vibbert M, Urtecho J, et al. Impact of acute lung injury and acute respiratory distress syndrome after traumatic brain injury in the United States. Neurosurgery. (2012) 71:795–803. doi: 10.1227/NEU.0b013e3182672ae5, PMID: 22855028


	 Mohr NM, Okoro U, Harland KK, Fuller BM, Campbell K, Swanson MB, et al. Outcomes associated with rural emergency department provider-to-provider telehealth for sepsis care: A multicenter cohort study. Ann Emergency Med. (2023) 81:1–13. doi: 10.1016/j.annemergmed.2022.07.024, PMID: 36253295


	 Mohr NM, Harland KK, Shane DM, Ahmed A, Fuller BM, Ward MM, et al. Rural patients with severe sepsis or septic shock who bypass rural hospitals have increased mortality: an instrumental variables approach. Crit Care Med. (2017) 45:85–93. doi: 10.1097/CCM.0000000000002026, PMID: 27611977


	 Faine BA, Noack JM, Wong T, Messerly JT, Ahmed A, Fuller BM, et al. Interhospital transfer delays appropriate treatment for patients with severe sepsis and septic shock: A retrospective cohort study. Crit Care Med. (2015) 43:2589–96. doi: 10.1097/CCM.0000000000001301, PMID: 26491865


	 Yan F, Chen X, Quan X, Wang L, Wei X, Zhu J. Association between the stress hyperglycemia ratio and 28-day all-cause mortality in critically ill patients with sepsis: A retrospective cohort study and predictive model establishment based on machine learning. Cardiovasc Diabetol. (2024) 23:163. doi: 10.1186/s12933-024-02265-4, PMID: 38725059


	 Lundeen EA, Park S, Pan L, O’Toole T, Matthews K, Blanck HM. Obesity prevalence among adults living in metropolitan and nonmetropolitan counties - United States, 2016. MMWR Morbidity mortality weekly Rep. (2018) 67:653–8. doi: 10.15585/mmwr.mm6723a1, PMID: 29902166


	 Wakil A, Wu YC, Mazzaferro N, Greenberg P, Pyrsopoulos NT. Trends of hepatocellular carcinoma (HCC) inpatients mortality and financial burden from 2011 to 2017: A nationwide analysis. J Clin gastroenterology. (2024) 58:85–90. doi: 10.1097/MCG.0000000000001818, PMID: 36729749


	 Gale SC, Shafi S, Dombrovskiy VY, Arumugam D, Crystal JS. The public health burden of emergency general surgery in the United States: A 10-year analysis of the Nationwide Inpatient Sample–2001 to 2010. J Trauma acute Care surgery. (2014) 77:202–8. doi: 10.1097/TA.0000000000000362, PMID: 25058242


	 Bryan CS, Reynolds KL. Hospital-acquired bacteremic urinary tract infection: epidemiology and outcome. J urology. (1984) 132:494–8. doi: 10.1016/S0022-5347(17)49707-2, PMID: 6471184


	 Jackson LA, Hilsdon R, Farley MM, Harrison LH, Reingold AL, Plikaytis BD, et al. Risk factors for group B streptococcal disease in adults. Ann Internal Med. (1995) 123:415–20. doi: 10.7326/0003-4819-123-6-199509150-00003, PMID: 7639440


	 Khan S, Ul Islam Z, Dure Najaf Rizvi S. Epidemiology of elderly burn patients in the United States: Mortality patterns and risk factors revealed by CDC WONDER database. Burns: J Int Soc Burn Injuries. (2025) 51:107311. doi: 10.1016/j.burns.2024.107311, PMID: 39622090


	 Patel N, Bahirwani J, Bodrya K, Patel D, Schneider Y. Hidden dangers of frailty: higher mortality, complications and costs in acute pancreatitis. Digestive Dis Sci. (2024) 69:3188–94. doi: 10.1007/s10620-024-08480-z, PMID: 38789672


	 O’Shea AMJ, Fortis S, Vaughan Sarrazin M, Moeckli J, Yarbrough WC, Schacht Reisinger H. Outcomes comparison in patients admitted to low complexity rural and urban intensive care units in the Veterans Health Administration. J Crit Care. (2019) 49:64–9. doi: 10.1016/j.jcrc.2018.10.013, PMID: 30388490


	 Semprini J, Gadag K, Williams G, Muldrow A, Zahnd WE. Rural-urban cancer incidence and trends in the United States, 2000 to 2019. Cancer epidemiology Biomarkers Prev. (2024) 33:1012–22. doi: 10.1158/1055-9965.Epi-24-0072, PMID: 38801414


	 Bhatia S, Landier W, Paskett ED, Peters KB, Merrill JK, Phillips J, et al. Rural-urban disparities in cancer outcomes: opportunities for future research. J Natl Cancer Institute. (2022) 114:940–52. doi: 10.1093/jnci/djac030, PMID: 35148389







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


Copyright © 2025 Guan, Chen, Li, Hou, Liu, Zhang, Yang and Yao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1696866-g006.jpg
Percentage Change in Deaths by HHS Region (1999-2023)

HHS Region #9 AZ, CA, HI, NV

HHS Region #8 CO, MT, ND, SD, UT, WY

HHS Region #7 IA, KS, MO, NE

HHS Region #6 AR, LA, NM, OK, TX

HHS Region #5 IL, IN, MI, MN, OH, Wi

HHS Region #4 AL, FL, GA, KY, MS, NC, SC, TN

HHS Regions

HHS Region #3 DE, DC, MD, PA, VA, WV

HHS Region #2 NJ, NYF

HHS Region #10 AK, ID, OR, WA

HHS Region #1 CT, ME, MA, NH,RI, VTF

400 500 800

Percentage Change (%)

100 200 300






OEBPS/Images/fonc-15-1696866-g001.jpg
AAMR per 100,000 population

2.0

15

0.5

Sex

—o—

t

¢

2000 2005 2010 2015 2020
Year

Both: 1999 to 2003 APC: -4.11 (-6.18 to —2.00); 2003 to 2012 APC: 3.67 (2.97 to 4.38); 2012 to 2017 APC: 6.98 (5.33 to 8.65), 2017 to
2023 APC: 3.23 (2.53 to 3.93)

Female: 1999 to 2003 APC: -5.67 (-10.64 to —0.42), 2003 to 2023 APC: 4.68 (4.31 to 5.06)

Male: 1999 to 2002 APC: -6.45 (-12.72 to 0.27); 2002 to 2011 APC: 3.08 (1.63 to 4.54); 2011 to 2017 APC: 6.73 (4.38 to 9.13); 2017 to
2023 APC: 3.11 (1.75 to 4.49)*





OEBPS/Images/fonc-15-1696866-g004.jpg
AAMR per 100,000 population

1.6

=
N

o
o

0.4

2000 2005 2010 2015 2020
Year

Urbanization

o Metropolitan: 1999 to 2003 APC: -2.89 (-6.31 to 0.66); 2003 to 2012 APC: 3.19 (2.04 to 4.34), 2012 to 2018 APC: 6.45 (4.59 to 8.33); 2018
to 2020 APC: 0.48 (-6.19 to 7.62)

-o- Nonmetropolitan: 1999 to 2005 APC: -4.29 (-8.64 to 0.26); 2005 to 2020 APC: 6.80 (5.82 to 7.79)*





OEBPS/Images/cover.jpg
& frontiers | Frontiers in Oncology

Mortality from sepsis among middle-aged
and elderly patients with pancreatic
cancer: CDC WONDER 1999 To 2023





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1696866-g007.jpg
Death Change %

700

600

500

400

300

200





OEBPS/Images/fonc-15-1696866-g005.jpg
Crude death rate per 100,000 population

w

N

[y

S Mt et S B e =

2000 2005 2010 2015 2020
Year

Age Groups
-e- 45-54 years: 1999 to 2003 APC: -4.77 (-14.75 to 6.37); 2003 to 2023 APC: 5.28 (4.50 to 6.05)*
-e- 55-64 years: 1999 to 2004 APC: -5.37 (-11.07 to 0.70); 2004 to 2016 APC: 7.00 (5.51 to 8.51); 2016 to 2023 APC: 2.84 (0.78 to 4.94)
-e- 65-74 years: 1999 to 2009 APC: 0.94 (-0.51 to 2.40); 2009 to 2018 APC: 6.47 (4.88 to 8.09)*; 2018 to 2023 APC: 1.89 (—0.45 to 4.28)
-e- 75-84 years: 1999 to 2009 APC: 1.13 (-0.37 to 2.65); 2009 to 2023 APC: 5.13 (4.42 to 5.85)*
-o- 85+ years: 1999 to 2003 APC: -9.52 (-18.58 to 0.55); 2003 to 2023 APC: 3.39 (2.61 to 4.18)*





OEBPS/Images/fonc-15-1696866-g002.jpg
AAMR per 100,000 population

2000 2005 2010 2015
Year

Race

—o-

4
o=
o=

Hispanic: 1999 to 2023 APC: 3.42 (2.51 to 4.33)*

NH Black: 1999 to 2010 APC: 0.51 (-1.12 to 2.16); 2010 to 2023 APC: 4.44 (3.50 to 5.39)*
NH White: 1999 to 2003 APC: -5.43 (-10.62 to 0.06); 2003 to 2023 APC: 5.01 (4.62 to 5.41)*
NH Other: 1999 to 2023 APC: 1.54 (0.87 to 2.21)*

2020





OEBPS/Images/fonc-15-1696866-g003.jpg
AAMR per 100,000 population

1.6

1.2

0.8

0.4

2000 2005 2010 2015 2020
Year

Census Region
-o- Northeast: 1999 to 2001 APC: -14.22 (-33.97 to 11.43); 2001 to 2023 APC: 3.52 (2.97 to 4.08)*

Midwest: 1999 to 2004 APC: -2.20 (-5.77 to 1.50); 2004 to 2012 APC: 4.93 (2.90 to 6.99); 2012 to 2017 APC: 8.68 (4.85 to 12.65); 2017 to
~®= 2023 APC: 3.26 (1.63 to 4.92)*

South: 1999 to 2003 APC: -3.11 (—6.68 to 0.59); 2003 to 2010 APC: 1.77 (-0.16 to 3.73); 2010 to 2017 APC: 7.83 (6.28 to 9.41); 2017 to
2023 APC: 2.52 (1.36 to 3.69)

West: 1999 to 2005 APC: —0.25 (-3.81 to 3.44); 2005 to 2023 APC: 4.55 (4.03 to 5.06)*

¢

¢





