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Abstract

Purpose Because the population of older gastric cancer survivors (GCSs) is growing, understanding the long-term late
effects experienced by these GCSs and their impact on survival outcomes is crucial for optimizing survivorship care. This
study aims to identify and characterize these effects and investigate their association with survival outcomes.

Methods A retrospective analysis of electronic health records was conducted on 9,539 GCSs diagnosed between 2011 and
2017. The GCSs were divided into two age groups (<65 and > 65 years) and the long-term late effects were categorized
by age using Cox proportional hazard models. The impact of clinical factors and age-specific late effects on survival was
evaluated in the older GCSs.

Results Among the total GCSs, 37.6% were over and 62.4% were under 65 years of age. Significant differences between the
age groups were observed in the cumulative hazard ratios (HRs) for iron and vitamin B12 levels and prognostic nutritional
index (PNI) scores. In older GCSs, abnormal iron levels (HR 1.98, 95% CI 1.16-3.41, p=.013) and poor PNI scores (HR
1.59,95% CI 1.03-2.47, p=.038) were associated with poorer survival outcomes. Additionally, being female was identified
as a risk factor for lower survival rates (if male, HR 0.42, 95% CI 0.18-0.98, p =.045).

Conclusion This study highlights the typical long-term late effects experienced by older GCSs. By tailoring survivorship care
to address nutritional-, age-, and gender-related factors, the overall survival and quality of life of older GCSs can be improved.
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Introduction one million new cases and 768,793 deaths from gastric can-

cer, accounting for 1 in 13 deaths worldwide [1]. Never-

Gastric cancer is one of the most common types of cancer,
ranking fifth in incidence and fourth in mortality worldwide.
It was estimated that, by 2020, there would be more than
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theless, advancements in early detection methods, surgical
techniques, and targeted therapies have contributed to the
relatively lower mortality rates of gastric cancer compared to
other cancers over the past decade [1]. In particular, the five-
year relative survival rate for gastric cancer remains high at
33% as of 2023 [2]. As a result, the number of gastric cancer
survivors (GCSs) has increased.

Older adults are the most vulnerable to gastric cancer,
whose incidence and mortality rates increase progressively
with age. Approximately 60% of new cases are diagnosed in
older adults aged 65 years or older, with the average age of
diagnosis being 68 years [3, 4]. Notably, 64% of cancer sur-
vivors are currently 65 years or older [5], and it is estimated
that, by 2040, 73% of cancer survivors in the United States
will be over the age of 65 [6].

Cancer survivors have reported an average of five symp-
toms that appear months or years after treatment [7]. These
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are called late effects—chronic conditions resulting from
cancer treatment that cause physical and psychological
problems, including secondary cancers [8]. Late effects
are reported in all cancer types and commonly include a
second primary cancer risk, anxiety, depression, trauma,
cardiovascular disease risk, cognitive dysfunction, diffi-
culties with employment and returning to work, pain, and
sexual dysfunction [8]. In particular, GCSs have reported
gastric cancer-specific late effects such as weight loss,
diarrhea, chemotherapy-induced neuropathy, fatigue, poor
bone health, indigestion, vitamin B12 deficiency, iron
deficiency, postprandial fullness or eating dysfunction,
dumping syndrome, and small intestinal bacterial over-
growth [9]. Cancer survivors experience these late effects
five or more years after treatment ends, reporting a low
quality of life (QOL) and high physical burden [7].

Addressing diverse late effects is crucial for formulating
and implementing comprehensive care plans for cancer
survivors. Several studies have been conducted on late
effects in cancer survivors [10—12]. Specifically, older can-
cer survivors often experience a lower QOL than younger
cancer survivors and older individuals without a history of
cancer [13, 14]. However, studies on late effects in older
GCSs, who account for a large proportion of cancer survi-
vors, are scarce [15], with those examining the long-term
late effects beyond five years in older GCSs being even
rarer [15]. Therefore, this study analyzes electronic health
records (EHRs) to determine the late effects of older GCSs
and provide a fundamental understanding for optimal sur-
vivorship care management.

The research objectives include (1) identifying long-
term late effects in GCSs; (2) describing the differences in
long-term late effects by age group; (3) demonstrating the
types of confirmed long-term late effects; and (4) explor-
ing the related factor of overall survival in older GCSs.
Based on this study’s findings, we hope to recommend
appropriate interventions and future research directions,

with the aim of improving the health-related QOL of older
GCS:s.

Methods
Study design and sample

This study employed a retrospective design utilizing clinical
data extracted from EHRs at a Korean tertiary hospital. Par-
ticipant eligibility criteria included having survived gastric
cancer for at least five years, with a primary diagnosis of
gastric cancer between 2011 and 2017, and having under-
gone either gastrectomy or endoscopic submucosal dissec-
tion (ESD). GCSs who were 65 years of age or older at the
time of cancer diagnosis were categorized as older individu-
als [16]. Exclusion criteria included gastric cancer recur-
rence or death within five years of gastrectomy or ESD, and
non-therapeutic gastrectomy (e.g., ESD for reasons other
than gastric cancer or gastrectomy for the control of symp-
toms such as perforation, bleeding, or obstruction).

Data collection

Demographic and clinical characteristics and late effects
were extracted from EHRs for two specific time periods: the
initial period of gastric cancer diagnosis and a subsequent
period of five years or more post-diagnosis. The clinical
characteristics compiled during the initial diagnosis period
included age, smoking and drinking history, body mass
index (BMI), cancer stage, and diagnostic details.
Long-term late effects were assessed based on the defi-
nition provided by the National Comprehensive Cancer
Network (NCCN) [8, 9]. The collected data representing
late effects are presented in Table 1. These late effects were
recorded after five or more years following gastric can-
cer diagnosis. The recorded data included information on

Table 1 Variables related to the late effects of the NCCN survivorship guidelines

Category

Late effect domain [8, 9]

Data collection in relation to the late effect

Late effects specific to gastric cancer survivors Weight loss

Diarrhea, indigestion, postprandial

BMI

Prognostic nutritional index

fullness, eating dysfunction

Bone health

Vitamin B12 deficiency

Iron deficiency
Common late effects in cancer survivors

Cognitive function
Late effects that are hard to classify N/A

Anxiety, depression, trauma, distress

Bone mineral density, vitamin D and 25-OH-Vitamin
D level

Vitamin B12 level

Serum iron

Psychiatric consultation

MMSE

History of ED visits more than five years post-diagnosis

BMI body mass index, MMSE mini-mental state examination, ED emergency department
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mortality, BMI, and laboratory results such as complete
blood count and albumin levels, based on which the prog-
nostic nutritional index (PNI) was calculated [17]. Other
laboratory results such as vitamin B12, serum iron, serum
vitamin D, and 25-OH-Vitamin D3 were also collected.
Treatment history—including operations, ESD, chemo-
therapy, and radiotherapy—was documented. Bone mineral
density and Mini-Mental State Examination (MMSE) results
were also included in the analysis. The number of emer-
gency department (ED) visits, which are not defined as late
effects by the NCCN, were also analyzed to determine the
healthcare management needs of GCSs five or more years
post-diagnosis.

The PNI was calculated using the formula (10 X albu-
min level [g/dL]) + (0.005 X lymphocyte count [number/
mm3]) [18]. GCSs were categorized into different groups
based on their PNI. These groups included normal nutri-
tion (PNI>50), moderate malnutrition (PNI=40-49),
severe malnutrition (PNI=30-39), and serious malnutrition
(PNI<30) [18].

Data analysis

Descriptive statistics were employed to examine the late
effects of GCSs by age group. GCSs were divided into
two groups: younger (aged <65 years) and older GCSs
(aged > 65 years). Their demographic and clinical charac-
teristics and the late effects were described. Comparisons
of GCSs across age groups were performed using the t-test,
Wilcoxon test, Cochran-Armitage trend test, Kruskal-Wal-
lis rank sum test, and chi-square test. Statistical significance
was determined using a two-sided p-value threshold of less
than 0.05.

Kaplan—Meier cumulative hazard analyses and log-rank
tests [19] were conducted on the two GCS groups to com-
pare the cumulative risk for each of the following variables:
history of ED visits (none versus 1 or more), history of
MMSE tests (none versus 1 or more), iron level (normal
versus abnormal, including deficient or high), and PNI (nor-
mal versus abnormal, including moderate, severe, or seri-
ous malnutrition). In this study, the event time was defined
as the duration between gastric cancer diagnosis and the
occurrence of late effects. A binary censoring variable was
utilized to address censoring and indicate whether a late
effect had been observed or not. The cumulative hazard ratio
estimates the relative risk of experiencing the event between
different age groups.

The Cox proportional hazard regression model was
employed to estimate the hazard risk ratio and 95% confi-
dence intervals for mortality, specifically within the older
GCS group. The survival time was defined as the duration
between gastric cancer diagnosis and death. To determine
which variables were significant for survival (p <0.05), each

variable was evaluated in a separate univariate Cox regres-
sion analysis. To account for the joint effect on survival, we
incorporated all factors that were significant in the univariate
analysis, as well as variables for adjustment, into a multivari-
ate model [19]. The Schoenfeld test was conducted as a pro-
portional hazards assumption test. Data curation and analy-
sis were performed using R software, version 4.1.0 [20].

Results

Demographic and clinical characteristics by age
group

Of the 9,539 GCSs who underwent a gastrectomy or ESD
between 2011 and 2017, 5951 (62.4%) and 3,588 (37.6%)
belonged to the younger and older GCS groups, respectively
(Table 2). Comparisons of the two age groups revealed that
the proportion of GCSs with a history of drinking was
significantly lower among the older group (x 2=89.69,
p <0.001). Furthermore, there was a higher proportion of
males in the older group (x 2=26.13, p<0.001), and the
older group had a lower proportion of those diagnosed with
a lower initial stage than did the younger group (x 2=2.82,
p=0.004). However, the younger group had a higher pro-
portion of those who underwent advanced treatment, such
as gastrectomy or multimodal treatment, than did the older
group (Z=10.31, p<0.001).

Specifically, of the 249 stage IV GCSs who underwent
ESD or gastrectomy, 228 (91.6%) received chemotherapy
or radiation, and the remaining 21 (8.4%) received a combi-
nation of ESD and gastrectomy. Of all stage IV GCSs, 132
(53.0%) died. Of the stage IV GCSs, 63 (25.3%) were in the
older group and 33 (52.4%) died.

Characteristics of long-term late effects five years
or more post-diagnosis by age group

Table 3 presents the differences in long-term late effects five
years or more post-diagnosis between the two age groups.
Significant differences in several long-term late effects—
specifically vitamin B12 level (x 2 = 4.021, p = .045),
iron level (x 2 =104.62, p <.001), PNI score (t= 16.002, p
<.001), and bone mineral density (x 2=10.547, p <.001)—
were observed between the age groups. No significant dif-
ferences were found for other long-term late effects, such as
the MMSE results (95% CI: 0.15-312.88, p = .511), recent
BMI (x 2= 4.040, p = .257), and vitamin D level (t = 0.598,
p = .550). There was a significant difference between the
age groups regarding a history of ED visits more than five
years post-diagnosis (W = 12138, p <.001). However, it
should be noted that the number of screenings for cognitive
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Table 2 The general and clinical characteristics of the study population

Category Total Under 65 years Over 65 years tory 2 test or
N=9539 N=5951 N=3588 Cochrane—Armitage
trend
Mean+SD or Mean =+ SD or Mean+SD or (p-value)
median (range) or  median (range) or  median (range) or
n (%) n (%) n (%)
Age at diagnosis 59.89+11.79 52.72+£8.45 71.78 £4.92
All-cause mortality 856 (9.0) 439 (7.4) 417 (11.6) 48.87 (<.001™)
Median post-diagnosis follow-up for more than 5 years 2587 (1886-4215) 2618 (1886—4215) 2540 (1886—4187) 472 (<.0017)
Sex Male 6328 (66.3) 3833 (64.4) 2495 (69.5) 26.13 (<.0017)
Female 3211 (33.7) 2118 (35.6) 1093 (30.5)
BMI at diagnosis (kg/m?) 24.23+26.88 24.21+3.45 24.28+17.34
Normal (18.5-22.9) 3674 (38.5) 405 (29.2) 1358 (37.8) 4.26 (.234)
Underweight (< 18.5) 390 (4.1) 37 (2.7) 145 (4.0)
Overweight (23.0-24.9) 2517 (26.4) 411 (29.6) 990 (27.6)
Obese (>25) 2931 (30.7) 516 (37.2) 1090 (30.4)
No information 27 (0.3) 19 (1.4) 8(0.2)
Smoking history None 5295 (55.5) 3284 (55.2) 2011 (56.0) 1.21 (.546)
Ex-smoker 3314 (34.7) 2071 (34.8) 1243 (34.6)
Current smoker 925 (9.7) 591 (9.9) 334 (9.3)
No information 5(0.1) 5.1 0
Drinking history None 4522 (47.4) 2612 (43.9) 1910 (53.2) 89.36 (<.001")
Ex-drinker 3363 (35.3) 2183 (36.7) 1180 (32.9)
Current drinker 1642 (17.2) 1147 (19.3) 495 (13.8)
No information 12 (0.1) 9(0.2) 3(0.1)
Initial stage CIS 259 (2.7) 133 (2.2) 126 (3.5) 2.82 (.005)
| 6582 (69.0) 4097 (68.8) 2485 (69.2)
1T 1019 (10.7) 642 (10.8) 377 (10.5)
1 1199 (12.6) 739 (12.4) 460 (12.8)
v 249 (2.6) 186 (3.1) 63 (1.7)
No information 238 (2.5) 158 (2.7) 80 (2.2)
Treatment type ESD only 2432 (25.5) 1262 (21.2) 1170 (32.6) 152.60 (<.001°)
Gastrectomy only 4382 (45.9) 2886 (48.5) 1496 (41.7) 41.42 (<.001")
Concurrent chemotherapy 2224 (23.3) 1538 (25.8) 686 (19.1) 26.13 (<.001™)
Concurrent radiotherapy 276 (2.89) 205 (3.4) 71 (2.0) 16.60 (<.001™)

SD standard deviation, BMI body mass index, CIS carcinoma in situ, ESD endoscopic submucosal dissection

“p<.05; " p<.001

function (n = 13) and bone mineral density (n = 23) were
relatively small.

Cumulative risk of long-term late effects by age
group

Figure 1 demonstrates significant differences in the cumula-
tive hazard ratio of long-term late effects between the age
groups. Specifically, the camulative hazard ratio of the iron
level in the older group was 0.62 times (p <0.001) lower
than that of the younger group. Furthermore, the risk ratios
of the PNI score and vitamin B12 level in the older group

@ Springer

were 2.80 times (p <0.001) and 1.42 times (p <0.001)
higher than those of the younger group, respectively.

Cox proportional hazard ratio in older GCSs

In the univariate Cox regression analysis in which the vari-
ables significant for survival in older GCSs were selected,
the PNI value (Hazard ratio [HR] 43.56; 95% confidence
interval [CI] 5.92-320.36; p <0.001), history of ED visits
more than five years post-diagnosis (HR =1.98; 95% CI
1.02-3.86; p=0.045), and vitamin B12 level (HR =3.87;
95% CI 1.42-10.51; p=0.008) were significant. Figure 2
displays the Cox proportional hazard ratio for the survival
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Table 3 Differences in long-term late effects between young and old adult groups five or more years post-diagnosis

Category (n=total/young age Subcategory

Under 65 years (N=5951) Over 65 years (N=3588) t or Wilcoxon or Kruskal—

group/old age group)

Wallis rank sum or x * test

Mean +SD or n (%) Mean +SD or n (%) (p-value)
History of ED visits more Once or more 187 (3.14) 171 (4.77) 0.72 (<.001°)
than five years post-diagno-
sis (n=358/187/171)
MMSE (n=13/3/10) Normal 2 (66.7) 3(30.0) 4.09 (.511)
Abnormal 1(33.3) 7 (70.0)
Vitamin B12 (pg/mL) 485.37+£325.51 851.14 +£639.68 4,02 (.045%)
(n=3248/2301/947) Normal 1813 (78.8) 692 (73.1)
Deficient or high 488 (21.2) 255 (26.9)
Iron (n=3088/2218/870) (ug/dL) 121.78 £47.13 100.52 +35.57 104.62 (<.001")
Normal 666 (30.0) 409 (47.0)
Deficient 429 (19.3) 188 (21.6)
High 1123 (50.6) 273 (31.4)
PNI (n=4489/3027/1462) 54.45+2.99 51.04+3.82 16.00 (<.0017%)
Normal (>50) 2594 (85.7) 981 (67.1)
Mild malnutrition (40-49) 334 (11.0) 362 (24.8)
Severe malnutrition (30-39) 65 (2.1) 80 (5.5)
Serious malnutrition (< 30) 34 (1.1) 39 (2.7)
Bone mineral density Normal 4(26.7) 0 10.55 (<.001")
(n=23/15/8) Osteopenia 9 (60.0) 1(12.5)
Osteoporosis 2 (13.3) 7(87.5)
Recent BMI (kg/mz) 22.06+3.40 22.23+3.17 4.04 (.257)
(n=1598/1084/514) Normal (18.5-22.9) 554 (51.1) 239 (46.5)
Underweight (< 18.5) 138 (12.7) 67 (13.0)
Overweight (23.0-24.9) 222 (20.7) 110 (21.4)
Obese (>25) 170 (15.7) 98 (19.1)
UR 110 (60.1) 85 (67.7)
Vitamin D (n=646/476/170) (ng/mL) 22.89+13.12 21.98+12.11 0.60 (.550)
Normal 88 (18.5) 31(18.2)
Deficient 73 (15.3) 29 (17.1)
Insufficient 314 (66.0) 110 (64.7)
High 1(0.2) 0

SD standard deviation, BMI body mass index, ED emergency department, PN/ prognostic nutritional index

“p<.05; " p<.001

of older GCSs. The Cox proportional hazard ratio of males
in the older group was 0.42 times (95% CI 0.18-0.98;
p=0.045) lower than that of females. Additionally, the haz-
ard ratios of abnormal iron results and PNI scores were 1.98
times (95% CI 1.16-3.41; p=0.013) and 1.59 times (95%
CI 1.03-2.47; p=0.038) higher than those of normal iron
results and PNI scores, respectively. However, the hazard
ratios of the initial stage and treatment type did not show
significant associations with the survival of older GCS
individuals.

Additionally, in the younger group, the univariate analy-
sis showed that the cancer stage at the time of diagnosis
(HR=2.82;95% CI 1.93-4.10; p <0.001), treatment type
(HR=6.70; 95% CI 2.64-17.00; p<0.001), PNI value

(HR=90.71; 95% CI 12.27-670.63; p <0.001), and history
of ED visits more than five years post-diagnosis (HR =1.76;
95% CI 1.02-3.03; p=0.042) were significant predictors of
survival.

Discussion

This study demonstrated the long-term late effects experi-
enced by GCSs who underwent a gastrectomy or ESD at a
Korean tertiary hospital. It aimed to identify the risk fac-
tors associated with survival in older GCSs by analyzing
EHRs. The findings revealed significant group differences
in several long-term late effects, including the history of ED
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Fig. 1 The cumulative hazard ratio of long-term late effects by age group five or more years post-diagnosis

Fig.2 Cox proportional hazard
ratios among older gastric can-
cer survivors five or more years
post-diagnosis. “p <.05; PNI:
prognostic nutritional index;
HR: hazard ratio; CI. confi-
dence index; ED: emergency
department; CIS: carcinoma

in situ

Abnormal iron level
Reference: normal iron level

Abnormal PNI score
Reference: normal PNI score

History of ED visit
Reference: non-history of ED visit

Treatment type
Reference: ESD-only

Initial stage
Reference: CIS

Male
Reference: women

visits, vitamin B12 level, iron level, PNI score, and bone
mineral density. The cumulative hazard ratios for abnormal
iron levels, PNI scores, and vitamin B12 levels showed sig-
nificant differences between the age groups. Furthermore, in
the older group, the Cox proportional hazard factors associ-
ated with survival were an abnormal iron level, PNI score,
and gender (specifically, being female). However, other
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late effects such as vitamin D level, BMI, and an abnor-
mal MMSE result five years or more post-diagnosis did not
reveal significant differences between the age groups.
Notably, according to the clinical characteristics
observed in this study, older GCSs tend to be diagnosed
with lower-stage cancer (72.7%). One might assume that
this would result in high five-year survival rates among
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older GCSs. However, contrary to expectations, US cancer
statistics reveal that individuals with gastric cancer over
the age of 65 have the highest mortality rate among all
age groups, accounting for 66.1% of deaths [21]. Notably,
individuals over the age of 75 have a significantly lower
survival rate of 25.2% [22]. These statistics demonstrate
that older GCSs have lower chances of survival, even
when diagnosed at an early stage. Older cancer survivors
typically experience chronic disease [23], have poor func-
tional status [24], and are at increased risk for adverse
effects [25]. This may explain why older gastric cancer
patients diagnosed at an early stage have lower survival
rates. Therefore, when developing a cancer survivorship
care plan for older gastric cancer patients, it is important
to perform a geriatric assessment that goes beyond simply
determining age or cancer staging to identify age-related
conditions associated with poor treatment outcomes [26].
This highlights the need to establish age-differentiated sur-
vivor care protocols. By implementing an age-appropriate
approach, healthcare providers can improve the overall
care and outcomes of older GCSs.

This study found that older GCSs had poorer nutritional
status than did younger GCSs. Digestive disturbances can
contribute to nutritional imbalances [27]. In older adults,
malnutrition leads to poor treatment outcomes and more
side effects [28]. Poor nutritional status has been shown to
impact survival in cancer survivors [27]. The National Can-
cer Institute has established diagnostic criteria for assessing
nutritional status and managing nutrition-related issues, pro-
viding guidance for healthcare providers and patients [29].
Digestive symptoms experienced by cancer patients vary
depending on the location of and treatment for cancer [29].
The findings emphasize the need to consider not only the
nature of cancer—a traditional factor associated with nutri-
tional status—but also age. BMI, one of the criteria reflect-
ing nutritional status [30], was not identified as a signifi-
cant variable affecting survival in this study. This may be
due to the fact that BMI measurements were not routinely
taken more than five years post-diagnosis. Recent research
has examined indicators that may better reflect nutritional
status [31], and PNI, which was a significant variable affect-
ing survival in this study, may be an alternative. To achieve
good nutritional status, regular nutritional screening using
validated tools should be integrated into the survivorship
plans for older GCSs. By adopting this approach, healthcare
providers can effectively identify nutritional deficiencies and
assess the impact of treatment and age on the nutritional
status of older GCSs. Based on the results of this assess-
ment, timely interventions can be implemented to address
and improve nutritional deficiencies, even five years post-
diagnosis. Implementing proactive nutrition management
strategies can improve the overall survival and QOL of older
GCSs.

In this study, older GCSs reported lower vitamin B12
levels than did younger GCSs. Vitamin B12 deficiency
is a common late effect that occurs in 50% of individuals
following gastrectomy [32]. Prolonged vitamin B12 defi-
ciency can lead to various hematologic, neurological, and
psychiatric disorders and increase the risk of cardiovascular
disease [33]. Recent research has also identified an associa-
tion between vitamin B12 deficiency and cognitive function,
highlighting the importance of vitamin B12 interventions in
older adults [34]. Aggressive vitamin B12 interventions are
crucial from the start of treatment in older GCSs with low
preoperative vitamin B12 levels, as they are more vulnerable
to vitamin B12 deficiency after digital gastrectomy [35].
Older GCSs may require more intensive interventions to
address vitamin B12 deficiency due to irreversible factors
such as older age and having undergone a gastrectomy [32].

The study findings revealed that abnormal iron levels
had different manifestations in younger and older GCSs.
Younger GCSs were more likely to have iron overload, while
older GCSs were more prone to have iron deficiency. Several
factors contribute to iron-deficiency anemia, including poor
nutritional status, which affects iron intake, and vitamin B
deficiency, which results in poor iron absorption [36]. Older
GCS:s in this study had predisposing factors that contributed
to iron-deficiency anemia, based on the fact that only 47%
of older GCSs had normal iron levels, compared to 12%
of those in community-living facilities [37]. This low per-
centage highlights the need for more extensive interventions
beyond the current approaches recommended by the NCCN
guidelines for addressing anemia after gastrectomy [9, 38].
The Global Burden of Disease (GBD) provides a standard-
ized analysis of anemia thresholds, accounting for age, gen-
der, cause, and region [39]. However, the clinical evidence
available for use is limited to the World Health Organiza-
tion’s [40] gender-specific thresholds (male: 13 g/dL or less,
female: 12 g/dL or less) [40]. Considering this, we recom-
mend proactive screening and intervention for groups with
poor nutritional status or vitamin B12 deficiency—con-
firmed risk factors for iron-deficiency anemia—rather than
focusing solely on isolated iron level measurements in clini-
cal practice. Additionally, we suggest exploring cut-offs that
consider age, gender, region, and comorbidity-specific char-
acteristics to diagnose iron-deficiency anemia, thus incor-
porating the GBD’s findings into clinical application [39].

The cumulative hazard ratio analysis results indicate that
abnormal iron levels, poor nutritional status (as indicated
by PNI scores), and being female have a negative impact
on the survival of older GCSs over a five-year follow-up
period. These factors should be considered as predictors of
survival in this specific population. This finding contrasts
with that of a previous study that analyzed gastric cancer
patients from 1992 to 2019, revealing that men had twice
the mortality risk compared to women [41]. However, an
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analysis of time-to-diagnosis relative survival by race found
that non-Hispanic Asian/Pacific Islanders male gastric can-
cer patients aged 65 and older had a lower five-year survival
rate (20.1%) than females (15.4%) [22]. This difference is
attributed to a lower incidence of local and regional staging
in older women (57.2%) than in older men (60.6%) among
non-Hispanic Asian/Pacific Islanders [22]. The gender dis-
parities in outcomes have been explained by previous stud-
ies that have highlighted the role of intrinsic exposures or
environmental risk factors, including female hormones [42,
43]. The existing cancer survivorship policies lack age and
gender specificity, highlighting the need for tailored poli-
cies that reflect the characteristics of cancer survivors and
influence treatment outcomes specific to the type of cancer.
Predictive models utilizing big data can contribute to the
refinement of these policies.

There are several limitations to this study. First, the
retrospective design makes it potentially inaccurate when
measuring all late effects. Assessment of late effects relies
on tests performed when patients report symptoms or as rec-
ommended by follow-up protocols, which may not provide a
comprehensive picture of all patients. In addition, the study
only focused on long-term late effects of 5 years or more
post-diagnosis, making it difficult to identify the correlation
of late effects within 5 years. Conducting a prospective
survey study to identify late effects in older GCSs could
overcome this limitation and provide more comprehensive
data. It may also be helpful to identify additional diagnoses
or reasons for ED visits more than five years post-diagnosis
to identify any late effects not defined by the NCCN, and
to monitor symptoms seen in the older GCS population.
Second, the generalizability of our findings is limited. This
study was conducted in South Korea, where National Health
Insurance coverage, which pays for cancer-related treatment,
only extends up to five years post-diagnosis. Therefore, the
transition from National Health Insurance to private health
insurance may result in financial burdens related to medi-
cal payments, which may lead to fewer hospital visits. To
address this limitation, future studies should consider using
National Health Insurance data to examine late effects more
comprehensively. Despite these limitations, this study's
novelty lies in identifying not only how the long-term late
effects experienced by older GCSs differ from those of
younger GCSs, but also which long-term late effect factors
affect survival in older GCSs.

Conclusions

Increasing advancements in medical technology are antici-
pated to result in a larger population of older cancer survi-
vors. Alongside the goal of improving treatment outcomes,
recent healthcare objectives aim to support the successful

@ Springer

reintegration of individuals into their daily lives after com-
pleting cancer treatment. This retrospective study focused
specifically on older GCSs—a significant demographic—
and aimed to identify the characteristics of long-term com-
plications experienced by this population. By identifying
these distinct factors, the study provides a foundation for
the development of personalized survivorship care proto-
cols that consider gender, nutritional status, and age. Fur-
thermore, the findings can inform policy recommendations
for targeted cancer survivorship care, ultimately leading to
improved QOL for older GCSs.
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