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INTRODUCTION

Cancer survivors, particularly 
those treated for gastrointestinal 
(GI) cancers, face an elevated 
risk of developing secondary 
hematologic  malignancies 
(SHMs), including leukemia, 
lymphoma, and myelodysplastic 
syndromes [1]. The mechanisms 
underlying the development 
of SHMs in these patients are 
multifactorial. They may involve 
the direct effects of cancer 
therapies on hematopoietic cells, 
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ABSTRACT

Background & Aims: Cancer survivors, particularly those treated for gastrointestinal (GI) cancers, face an 
elevated risk of developing secondary hematological malignancies (SHMs) such as leukemia, lymphoma, and 
myelodysplastic syndromes. This study aimed to analyze national trends in mortality due to SHMs among 
older adults with GI malignancies over 25 years.
Methods: We conducted a descriptive analysis of SHM-related deaths in patients with GI malignancies using 
CDC-WONDER death certificate data from 1999 to 2023. Age-adjusted mortality rates (AAMRs) were 
calculated, and annual percent change (APC) and average annual percent change (APC) were determined 
using the JoinPoint Regression to identify significant temporal changes.
Results: A total of 22,668 deaths occurred due to hematological and GI malignancies. The AAMR increased 
from 21.88 in 1999 to 25.55 in 2023. Significant trends were observed, with an initial decline from 1999 to 
2017, followed by a sharp increase from 2017 to 2023 (AAPC: 5.49; 95%CI: 3.63–8.61). Males exhibited a 
higher average AAMR compared to females. Crude mortality rates increased with age, with the lowest in the 
65–74 age group and the highest in the 85+ age group. Non-Hispanic Whites had the highest average AAMR 
(22.35), followed by Blacks (18.84). Non-metropolitan areas consistently had higher AAMRs (23.37; 95%CI: 
19.89–26.85) compared to metropolitan areas (19.98; 95%CI: 18.46–21.50). 
Conclusion: This study highlighted significant temporal trends in SHM-related mortality among GI-cancer 
patients aged 65 and older. The increasing mortality rates, particularly post-2017, call for targeted interventions 
to address disparities and improve outcomes for vulnerable populations. 

Key words: epidemiology − second malignancies − gastrointestinal malignancies − public health − rural−
urban gap − racial disparities.

Abbreviations: AAMR: age-adjusted mortality rate; AAPC: average annual percent change; APC: annual 
percent change; CDC: Centers for Disease Control and Prevention; CMR: crude mortality rate; GI: 
gastrointestinal; HFPG: high fasting plasma glucose; SHM: secondary hematological malignancy. 

shared genetic susceptibilities, or a complex interplay between 
the cancer and immune system. This phenomenon has been 
observed in several studies, which report an increased incidence 
of hematologic malignancies like leukemia, lymphoma, and 
myelodysplastic syndromes in GI cancer survivors [2]. 

The incidence of SHMs varies among different GI 
cancers and treatment modalities. For instance, survivors of 
gastric cancer, especially those who received radiotherapy, 
exhibit an increased risk of secondary malignancies, with an 
estimated 8% excess risk within 15 years post-treatment [3]. 
More than 50,000 people die annually from hematological 
malignancies in the United States [4]. Age plays a significant 
role in the development of second malignancies. Radiation 
exposure during childhood notably increases the risk of 
secondary malignancies compared to older populations [5]. 
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Additionally, women are more susceptible to developing second 
malignancies than men [6]. In survivors of the atomic bomb in 
Japan, leukemia was initially diagnosed, followed by the later 
onset of solid tumors after many years. Similarly, in irradiated 
patients, the latent period for developing secondary leukemia is 
typically around 5–10 years, whereas for solid tumors, it ranges 
from 10 to 60 years, highlighting the temporal trends [7]. 

Understanding the risks associated with secondary 
hematologic malignancies (SHMs) in GI cancers is essential 
for developing improved long-term care strategies, as these 
malignancies can significantly impact the prognosis and 
treatment plans of affected individuals. Since secondary 
malignancies can complicate patient outcomes, it is crucial to 
examine their epidemiological aspects, including incidence, 
risk factors, and outcomes across different demographic 
groups. Factors such as age, gender, race, and geographic 
location can influence the development and survival rates of 
SHMs, highlighting the need to understand how these variables 
interact with treatment modalities and affect long-term 
health. Using the Centers for Disease Control and Prevention 
(CDC) database, this study provides valuable insights into 
these interactions, ultimately enabling the development of 
more personalized and effective surveillance, prevention, 
and intervention strategies for GI cancer survivors at risk for 
SHMs, thereby improving their overall health outcomes and 
quality of life.

METHODS 

Study Setting and Population 
In this descriptive study, we used death certificate data 

from the CDC’s Wide-Range Online Data for Epidemiologic 
Research (WONDER) database [8]. From 1999 to 2023, second 
hematological malignancies-related deaths in patient with 
gastrointestinal malignancies were examined using ICD Codes 
C81-96 for second hematological malignancies and C15-26 for 
GI malignancies from the 10th Revision of the International 
Statistical Classification of Diseases and Related Health 
Problems (ICD-10) [9]. The Multiple Cause-of-Death Public 
Use Record database was specifically examined in this study 
in order to identify death certificates across the United States 
for individuals over 65 years of age. This study was not subject 
to approval from the local institutional review board because 
it used a de-identified government-issued public use data 
set and followed the STROBE (Strengthening the Reporting 
of Observational Studies in Epidemiology) guidelines for 
reporting observational studies [10].

Data Abstraction
We abstracted data on demographic variables based on 

population size, year, place of death, age distribution, gender 
composition, racial/ethnic background, urbanization level, state 
and census region from 1999 to 2023. The patients were divided 
into three age groups 65–74, 75-84 and 85+ years old, with ten-
year intervals between each group. Place of death encompassed 
inpatient facilities, outpatient clinics, emergency rooms, cases 
of sudden death, residences, hospice/nursing homes, long-
term care facilities, and instances where the location remained 
unspecified. Race/ethnicity was divided into five groups: 

non-Hispanic American Indian/Alaska Native, non-Hispanic 
White, non-Hispanic Black/African American, non-Hispanic 
Asian/Pacific Islander and Hispanic/Latino. The classification 
of urban/rural areas includes the following: medium metro, 
small metro, large central metro, large fringe metro, non-core 
non-metro, and metropolitan (non-metro). National Center 
for Health Statistics divided the counties into urban (large 
metro area; population greater than 1 million), medium/small 
metropolitan area (population between 50,000–999,999), and 
rural (population lesser than 50,000) categories. Additionally, 
the census regions were divided into Northeast, Midwest, South, 
and West categories by US Census Bureau guidelines [11]. This 
data, which is based on death certificate data, was previously 
used for CDC WONDER database research [8, 9, 12].

Statistical Analysis 
We computed the crude and age-adjusted mortality rates 

(AAMRs) per 100,000 population by gender, race/ethnicity, 
census region, and urbanization status with 95% confidence 
intervals (CIs) between 1999 and 2023 to assess national 
trends in SHMs-related deaths in patient with GI malignancies 
among geriatric population. The 2000 US population served as 
the baseline for AAMR standardization [13]. The number of 
deaths from second hematological malignancies in patient with 
gastrointestinal malignancies was divided by the corresponding 
US population for that year to determine the crude mortality 
rates. To determine national annual mortality trends, the 
JoinPoint Regression Program (Joinpoint V 5.2.0.0, National 
Cancer Institute) was used to estimate the annual percent 
change (APC) in AAMR with a 95%CI [14]. This method 
detects significant changes by fitting log-linear regression 
models when temporal variation occurs. The APCs were 
thought to increase or decrease if the slope describing the shift 
in mortality differed from zero using 2-tailed t-testing with a 
value of p<0.05 considered statistically significant.

RESULTS

A total of 22,668 second hematological malignancy and 
concurrent GI malignancy-related deaths occurred among 
adults 65 years old and above between 1999 and 2023. Among 
these deaths, 30.88% occurred in the medical facilities, 
41.54% occurred in the decedent’s home, 7.83% in hospice 
facilities, 15.27% in nursing homes/long term care, and 4.48% 
occurred in other/place of death unknown (Supplementary 
file, Fig 1).

The AAMR for hematological malignancy and GI 
malignancy-related deaths in older adults was increasing 
throughout the study period, from 21.88 in 1999 to 25.55 
in 2023. The overall AAMR significantly declined from 
1999- 2017 (APC=-0.99; 95%CI: -1.52 to -0.55), followed by 
a significant increase from 2017– 2023 (APC=5.49; 95%CI: 
3.63-8.61) (Fig. 1, Supplementary file. Table I).

From 1999 to 2023, males had a slightly higher AAMR 
of 31.07 (95%CI: 28.40-33.74) compared to females (average 
AAMR=14.10; 95%CI: 12.65-15.58). In females, the mortality 
trend shows a significant decline from 1999 to 2015 (APC=-
1.79; 95%CI: -2.52 to -1.19), followed by a sharp and significant 
increase from 2015 to 2023 (APC=3.58; 95% CI: 2.15-5.78). 
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In contrast, males had a significant decline from 1999 to 2017 
(APC=-1.02; 95% CI: -1.63 to -0.51), followed by a significant 
rise from 2017 to 2023 (APC=5.63; 95% CI: 3.57-9.03), (Fig. 
1, Supplementary file, Table I).

Throughout the study period, the NH White population 
exhibited the highest burden of hematological malignancies 
and GI malignancy-related mortality (average AAMR: 
22.35; 95% CI: 20.76-23.93), followed by Black or African 
American (average AAMR=18.84; 95%CI: 14.51-23.98). The 
Black or African American population experienced a sharp 
and non-significant decline from 1999 to 2016 (APC=-1.56; 
95%CI: -11.13 to 18.57), followed by a rise from 2016 to 2023 
(APC=3.68; 95%CI: -0.80 to 18.14), indicating emerging 
disparities in recent years. Within the White population, a 
significant early decrease was observed from 1999 to 2017 
(APC=-0.84; 95%CI: -1.46 to -0.34), followed by a sharp 
significant rise from 2017 to 2023 (APC=6.17; 95%CI: 4.01-
10.41) (Fig. 3, Supplementary file, Table III).

Fig. 1. Overall and gender-stratified gastrointestinal and hematological 
malignancies-related AAMRs per 100,000 in the United States, 1999-
2023.

Crude mortality rate (CMR) consistently increases with 
an increase in age, with the lowest in the 65-74 year age group 
(CMR=10.56; 95%CI: 9.25-11.88), followed by the 75-84 age 
group (CMR=28.02; 95%CI: 25.24-30.08), and highest in 
older adults 85+ age group (CMR=45.71; 95%CI: 40.03-51.39) 
(Supplementary file). Initially, the age group 65-74 showed a 
significant decline in trend from 1999 to 2014 (APC=-1.55; 
95%CI: -3.69 to -0.60), followed by a significant rise from 2014 
to 2023 (APC=2,86; 95%CI: 1.19-7.28). The 75-84 age group 
showed decline from 1999 to 2017 (APC=-1.13; 95%CI: -2.35 
to -0.5), followed by a significant increase from 2017 to 2023 
(APC=5.23; 95%CI: 2.16-14.01). However, the 85+ age group 
showed a decline in trends from 1999 to 2017 (APC=-0.70; 
95%CI: -1.88 to 0.10), followed by a significant increase in 
AAMRs from 2017 to 2023 (APC=6.88; 95%CI: 3.51-14.55) 
(Fig. 2, Supplementary file, Table II).

Fig. 2. Gastrointestinal and hematological malignancies-related CMRs 
per 100,000, stratified by age groups in the United States, 1999-2023.

Fig. 3. Gastrointestinal and hematological malignancies-related 
AAMRs per 100,000, stratified by race/ethnicity in the United States, 
1999-2023.

Based on the calculated AAMR, the Midwest experienced 
the highest AAMR (average AAMR=25.65; 95%CI: 22.42-
28.88), followed by the West region (average AAMR=21.60; 
95%CI: 18.54-24.66), followed by the Northeast region (average 
AAMR: 20.84; 95%CI: 17.74-23.94), and the South (average 
AAMR=17.94; 95%CI: 15.82-20.06), (Supplementary file, 
Tables). In the Northeast, the mortality rate shows a significant 
decline from 1999-2017 (APC=-1.07; 95%CI: -5.05 to -0.23), 
followed by a non-significant increase from 2017-2023 
(APC=2.95; 95%CI: -0.31- 12.26). The Midwest region shows 
a decline in AAMR from 1999-2009 (APC=-0.34; 95%CI: 
-1.42- 2.65), followed by a further significant decline from 
2009- 2012 (APC=-7.89; 95%CI: -10.49 to -1.84), followed 
by a significant increase from 2019-2023 (APC=2.98; 95%CI: 
1.92-4.55). The Southern region initially showed a significant 
decline from 1999-2014 (APC=-1.45; 95%CI: -3.08 to -0.37), 
followed by a significant rise from 2014-2023 (APC=5.16; 
95%CI: 3.32-8.62). In the West region, mortality declined 
from 1999-2018 (APC=-0.55; 95%CI: -2.44 to 0.25), followed 
by a significant rise from 2018- 2023 (APC=6.58; 95%CI: 1.81-
18.79) indicating a positive shift in trends in recent years (Fig. 
4, Supplementary file Table IV).

Over the 22-year study period (1999–2020), non-
metropolitan (rural) areas consistently showed a higher 
mortality burden compared to metropolitan (urban) areas. 
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The average AAMR in non-metro regions was (average 
AAMR=23.37; 95%CI: 19.89-26.85), while in metro regions 
it was (average AAMR=19.98; 95%CI: 18.46-21.50). In 
metropolitan areas, mortality trends initially showed a 
significant decrease from 1999 to 2017 (APC=-1.17; 95%CI: 
-2.39 to -0.69), followed by a sharp and significant rise from 
2017 to 2020 (APC=5.78; 95%CI: 0.18-12.84). In contrast, 
non-metropolitan areas displayed a significant decline from 
1999-2014 (APC=-0.59; 95%CI: -5.93 to 3.26), followed by 
a significant increase 2014 to 2020 (APC=2.77; 95%CI: 0.03-
10.96) (Fig. 5, Supplementary file, Table V).

DISCUSSION

Our 25-year analysis of mortality data of hematological 
and GI malignancies among those aged 65 and above yielded 
considerable insights. Firstly, the overall AAMR increased 
throughout the study period, with a significant increase from 
2017 to 2023. Secondly, the AAMR was slightly higher in males 
as compared to females within the same age group. Thirdly, 
the crude mortality rate was highest among adults aged 85 
and older and lowest among the 65-74 age group. Our analysis 
noticed several racial and ethnic disparities. Throughout the 
study period, the non-Hispanic whites expressed a higher 
mortality rate as compared to other racial groups. They were 
followed by blacks who, similarly to whites, experienced a 
significant increase in mortality rate from year 2016-2017 
to 2023. Geographically, the trend varied, with the highest 
AAMR observed in the Midwest, followed by the Western, 
Northeastern, and lastly the Southern Region of the United 
States. Importantly, non-metropolitan (rural) areas consistently 
showed a higher mortality burden than metropolitan (urban) 
areas. State-wise, the trend was subdivided into 2 groups, from 
1999 to 2020, the states in the top 90th percentile included 
Nebraska, Minnesota, and Iowa. At the same time, states in 
the bottom 10th percentile included Nevada, Hawaii, and 
Alabama. From 2021 to 2023, the states in the 90th percentile 
included Nebraska, Minnesota, and Idaho. The states in the 
bottom 10th percentile included Alabama, Georgia, Arizona, 
and Connecticut. These findings have crucial and strategic 
implications for Public Health Policy.  

The reasons for the overall upward trend can be 
multifactorial. Firstly, while the overall AAMR for GI cancers 
decreased from 1999 to 2020, certain GI cancers such as 
liver cancers, exhibited increasing mortality rates [15]. 
Though the specific data is unavailable from 2017 to 2023, 
the increasing mortality from certain GI cancers up to 2020 
may explain the upward trend of mortality from 2017 to 2023, 
particularly among the elderly population. Secondly, the global 
age-standardized death rates (ASDR) have decreased for 
hematological malignancies; however, the absolute number of 
deaths has increased, particularly due to aging and population 

Fig. 4. Gastrointestinal and hematological malignancies-related 
AAMRs per 100,000, stratified by census region in the United States, 
1999-2023.

Fig. 5. Gastrointestinal and hematological malignancies-related 
AAMRs per 100,000, stratified by urbanization status in the United 
States, 1999-2023.

From 1999 to 2020, the states in the top 90th percentile 
included Nebraska, Minnesota, and Iowa. At the same time, 
states in the bottom 10th percentile included Nevada, Hawaii, 
and Alabama. From 2021 to 2023, the states in the 90th 
percentile included Nebraska, Minnesota, and Idaho. The 
states in the bottom 10th percentile included Alabama, Georgia, 
Arizona, and Connecticut (Fig. 6).

Fig. 6. State map of gastrointestinal and hematological malignancies-
related AAMRs per 100,000 in the United States, 1999-2020.
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growth [16]. This rise in the absolute number of deaths may 
explain the rise in hematological malignancies among recent 
years. Lastly, certain risk factors such as obesity and high fasting 
plasma glucose (HFPG) levels associated with malignancies 
have been steadily increasing throughout the decades [17]. 
The increased prevalence of HFPG and obesity has led to an 
increased prevalence and a rise in cancer-related mortality 
among all age groups [18]. It is, however, important to mention 
that these explanations are purely speculative, and there is a 
need for more granular and mechanistic studies to establish 
causative factors behind this mortality pattern.

The higher AAMR and CMR among adults aged 85 or older 
and among males respectively, can be due to a combination of 
biological, behavioral, and systemic factors. There is a higher 
prevalence of comorbid conditions among older adults, such 
as cardiovascular disease and diabetes etc, which complicates 
treatment and increases vulnerability to complications. This 
increased frailty is characterized by diminished physiological 
reserves and is associated with cancer-related mortality risks 

[19]. Cancers associated with older age groups are associated 
with advanced stage diagnosis, plus these patients are less likely 
to be administered aggressive treatments due to low tolerance 
for such therapies. Men avoid seeking medical care due to 
social and cultural stigma, leading to delayed diagnosis, making 
treatment less effective, and increasing the risk of mortality 

[20]. Furthermore, men are more likely to work in hazardous 
occupations where they are exposed to higher chemical and 
physical risks, which may lead to increased prevalence of 
malignancies among this sex and thus higher mortality [21]. 
Further research is required to explore whether there were any 
disparities in treatment received between the genders.

The highest AAMR for Non-Hispanic Whites and Blacks 
is consistent with previous literature [22]. The reasons for 
racial disparities are multifactorial. The higher AAMR in 
Non-Hispanic Whites could be due to the opioid crisis, which 
has disproportionately affected the white subrace, especially 
in lower income communities [23]. Opioids, particularly 
morphine, suppress T-cell activity, reducing the ability of the 
immune system to recognize and destroy tumor cells [24]. This 
increases the incidence and mortality related to malignancy, 
especially in hematology, where immune surveillance is critical. 
Another reason for the higher AAMR could be the higher 
incidence of colorectal, pancreatic, and hematologic cancers 
in older white adults [25]. This higher baseline increases 
absolute mortality numbers even if the survival rate is similar. 
Furthermore, there is evidence of an increase in alcohol related 
mortality, specifically among Whites [26]. Alcohol is a well-
established risk factor for GI and hematological malignancies. 
Ethanol is converted into acetaldehyde, which is a group 1 
carcinogen. It forms DNA adducts, causing mutations and 
impairing DNA repair. The Blacks have a higher incidence of 
chronic diseases and comorbidities such as hypertension and 
diabetes, which can complicate the treatment of malignancies 

[27]. These health disparities are rooted in limited access to 
healthcare facilities and socioeconomic factors. The upward 
trend observed from 2016-2017 to 2023 could be explained 
by the impact of COVID-19 pandemic. There were higher 
chances of delay in treatment due to the strain on available 
medical resources [28]. These delays were coupled with 

financial instability and uncertainty, and concerns about 
affording treatment. Lastly, the pandemic led to underdiagnosis 
of certain cancers, such as colorectal cancer, due to reduced 
screenings. This underdiagnosis led to cancer progressing to 
higher and more advanced stages, increasing the chances of 
mortality and reducing the effectiveness of treatment. This 
underdiagnosis was specifically more pronounced among Non-
Hispanic Black and White adults [29]. The higher mortality 
rates driven by regional disparities emphasize the need for 
targeted interventions to improve management of GI and 
hematological malignancies.

Geographically, the trend was similar, with an early and 
middle decrease, followed by a late upward spike during the 
study period. The highest AAMR was in the Midwest Region, 
with the lowest in the Southern Region of the United States. The 
reasons for this could be diverse. Counties with poor access to 
National Cancer Institute (NCI) designated centers, reduced 
access to specialized care, and greater poverty are associated with 
an increase in GI cancer mortality. There is a higher prevalence of 
morbidities and lifestyle risk factors in the Midwest region [30]. 
Additionally, there is a higher prevalence of risk factors such as 
smoking, obesity, etc, correlating with increased mortality from 
certain GI cancers [31]. These behavioral factors significantly 
increase the incidence and thus worsen cancer outcomes. 
On the opposite spectrum, the states in the Southern Region 
have implemented effective screening protocols and programs 
leading to earlier detection, thus reducing the chances of cancer 
progressing to advanced stages and improving cancer outcomes. 
The introduction of state-level healthcare policies, coupled 
with the introduction of Medicaid, aimed at improving access 
to care for poorer and uninsured marginalized communities, 
may explain the lower AAMR in the Southern Region [32]. 
From 1999 to 2020, the states in the top 90th percentile mainly 
represented the Midwest region of the United States, which 
has been identified as having a higher prevalence of smoking 
and obesity, both of which are significant risk factors for GI 
cancers and may explain the higher mortality. Meanwhile, states 
in the lower percentile, like Nevada, have improved screening 
protocols and better urbanization rates, allowing them better 
access to healthcare facilities and healthcare specialists [33]. 
From 2021 to 2023, the trend changed with the introduction of 
newer states in the upper and bottom percentiles. States with 
higher AAMR have significant rural populations, where access to 
care and facilities is limited, which can lead to delayed diagnosis 
and an increase in mortality. Notably, the non-metropolitan 
areas exhibited a consistently higher overall mortality rate 
compared to Metropolitan areas.

Malignant neoplasms have persistently remained the 
leading cause of death from 1999 to 2023, the reasons for 
this are complex and multifactorial. Certain GI cancers, like 
pancreatic cancer, are aggressive and have a poor prognosis and 
are usually detected at the advanced stages, where treatment 
options are limited. Furthermore, there are disparities in access 
to healthcare services like screening and earlier detection, 
increasing the chances for late-stage cancer diagnosis [34]. This 
is further enlarged by marginalized and rural communities 
lacking basic healthcare infrastructure. Our study has several 
limitations. Firstly, this analysis is purely retrospective and thus 
causality cannot be established. Secondly, the data lack clinical 
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granularity, such as socio-economic factors, and healthcare 
access, and thus affect the ability to assess confounders or 
effect modifiers. Lastly, the data is subject to underreporting 
or misclassification, which may lead to omission of GI and 
hematological malignancy as a cause of death.

The increasing mortality warrants further investigation and 
research into management strategies and post-diagnosis care. 
Future studies need to aim at examining the immediate impact 
of healthcare interruptions such as the COVID-19 pandemic 
on the outcome of GI and hematological related malignancy. 
Policy changes at the highest administrative level are required 
to address the growing health disparities between racial and 
geographical subgroups.

CONCLUSIONS

This nationwide analysis of mortality data from 1999 to 
2023 demonstrates important temporal and sociodemographic 
disparities in mortality involving GI and hematological 
malignancies among adults aged 65 years and older in 
the United States. Overall, the age-adjusted mortality rate 
(AAMR) declined during the earlier part of the study period 
but increased substantially in recent years, particularly from 
2017 onward. Mortality was consistently higher among males 
and adults aged 85 years and older. Non-Hispanic White 
individuals had the highest average AAMR among the racial 
and ethnic groups examined, while substantial geographic 
variation was observed, with the highest average AAMR in 
the Midwest and the lowest in the South. Non-metropolitan 
areas also demonstrated a higher mortality burden than 
metropolitan areas.

These findings highlight persistent disparities in mortality 
among older adults with GI and hematological malignancies 
and underscore the importance of equitable access to cancer 
prevention, early detection, specialized oncology care, and 
appropriate long-term management. However, the use of death 
certificate data limits clinical and treatment-level interpretation, 
and the observed temporal and geographic patterns should 
not be interpreted as evidence of causality. Further studies 
incorporating individual-level clinical characteristics, cancer 
stage, treatment exposure, comorbidities, healthcare access, and 
longitudinal cancer histories are warranted to clarify the factors 
underlying these disparities and the recent increase in mortality.
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