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Abstract

BACKGROUND
The incidence of early-onset colorectal cancer (EO-CRC) is rising in the United
States, and is often diagnosed at advanced stages. Low serum ferritin is often

incidentally discovered in young adults, however, the indication for endoscopy in
EO-CRC is unclear.

AIM

To compare serum ferritin between patients with EO-CRC and healthy controls
(HCs), and examine the association of serum ferritin in EO-CRC with patient- and
disease-specific characteristics.

METHODS

A retrospective study of patients < 50 years with newly-diagnosed EO-CRC was
conducted from 1/2013-12/2023. Patients were included if serum ferritin was
measured within 2 years prior to 1 year following CRC histologic diagnosis. To
supplement the analysis, a cohort of HCs meeting similar inclusion and exclusion
criteria were identified for comparison. A sensitivity analysis including only
patients with serum ferritin obtained at or before diagnosis was separately
performed to minimize risk of confounding.

RESULTS

Among 85 patients identified with EO-CRC (48 females), the median serum
ferritin level was 26 ng/mL (range < 1-2759 ng/mL). Compared to HCs (n =
80211), there were a higher proportion of individuals with EO-CRC with serum
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ferritin < 20 ng/mL (female 65%, male 40%) versus HCs (female 32.1%, male 7.2%) age 29-39 years (P = 0.002 and P
< 0.00001, respectively). Stage IV disease was associated with significantly higher serum ferritin compared to less
advanced stages (P < 0.001). Serum ferritin obtained before or at the time of diagnosis was lower than levels
obtained after diagnosis. Similar findings were confirmed in the sensitivity analysis.

CONCLUSION

Severe iron deficiency may indicate an increased risk of EO-CRC, particularly at earlier stages. Further studies
defining the optimal serum ferritin threshold and routine incorporation of serum ferritin in screening algorithms is
essential to develop more effective screening strategies for EO-CRC.

Key Words: Early-onset; Young-onset; Colorectal cancer; Age; Ferritin; Iron deficiency

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study that compares serum ferritin between patients with early-onset colorectal cancer (EO-
CRC) and healthy controls (HCs), and examines the association of serum ferritin in EO-CRC with patient- and disease-
specific characteristics. We found a higher proportion of individuals with EO-CRC with serum ferritin < 20 ng/mL
compared to HCs. Lower serum ferritin in patients with EO-CRC was associated with an earlier stage of disease and a
younger age among females. These findings suggest that serum ferritin may be a useful marker in patients with localized
disease, emphasizing the importance of early and appropriate gastrointestinal screening in patients found to have iron
deficiency.

Citation: Urback AL, Martens K, McMurry HS, Chen EY, Citti C, Sharma A, Kardosh A, Shatzel JJ. Serum ferritin and the risk of
early-onset colorectal cancer. World J Gastrointest Oncol 2024; 16(8): 3496-3506

URL: https://www.wjgnet.com/1948-5204/full/v16/i8/3496.htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.i8.3496

INTRODUCTION

The incidence of colorectal cancer (CRC) in the United States is increasing in younger adults, while simultaneously
decreasing in older adults[1]. Early-onset CRC (EO-CRC) defined as those < 50 years of age at the time of diagnosis, tends
to manifest with advanced disease, an observation that is only partly explained by inconsistent screening practices[2,3].
Furthermore, there is a higher incidence of EO-CRC in women, while being the second leading cause of death in men
younger than 50 years[1,2]. Acknowledging these trends, the United States Preventative Services Task Force and the
American Cancer Society have recommended lowering the age of CRC screening from 50 to 45 years[4,5]. The increased
incidence of EO-CRC is most likely linked to modifiable risk factors, including obesity[6,7], diabetes[8], alcohol use[9],
tobacco use[10], and Western diet[11], as well as other non-modifiable risk factors including genetics[12] and the gut
microbiome[13]. Additionally, EO-CRC more commonly presents with left-sided and rectal involvement[14].

Iron deficiency is the most common extraintestinal sign of CRC[15] and is defined by the American Gastroenterological
Association (AGA) as a serum ferritin level < 45 ng/mL[16]. Both iron deficiency with and without anemia have been
shown to increase risk of gastrointestinal (GI) malignancy[17]. The AGA guidelines recommend bidirectional endoscopy
in males and postmenopausal females with iron deficiency anemia (IDA) and issue a conditional recommendation for
premenopausal females without other obvious causes, such as heavy menstrual bleeding, malabsorption syndromes or
pregnancy. Available studies evaluating the association between serum ferritin and CRC have demonstrated that those at
highest-risk exhibited serum ferritin levels < 100 ng/mL, with an escalated risk associated with levels < 50 ng/mL[18-20].
Interestingly, evidence of increased risk of CRC in those with serum ferritin > 300 ng/mL has also been reported[21,22],
particularly in older individuals and with a higher stage at diagnosis, potentially attributable to chronic inflammation,
given serum ferritin can act as an acute phase reactant[23].

There is overall a scarcity of studies investigating the association between serum ferritin and other patient- and
disease-specific characteristics in EO-CRC. Limited evidence suggests that serum ferritin may be an informative measure
in younger populations, where a more pronounced association between low serum ferritin and with CRC risk may exist
[24]. For instance, in a prospective cohort study of United States veterans age 18-49 years, those with IDA (serum ferritin
<15 ng/mL) exhibited over a 10-fold increased risk for developing CRC compared to individuals without IDA within
five years[25]. This association was more robust in those age 40-49 years compared to those under 30 years. Sensitivity
analysis yielded similar findings when iron deficiency was defined as serum ferritin < 45 ng/mL. Similarly, another
study of women age 35-65 years revealed significantly lower serum ferritin levels in those with CRC compared to healthy
controls (HCs), with average serum ferritin 70.7 ng/mL compared to 88.4 ng/mL in controls[26].

Given the rising incidence of EO-CRC, often complicated by more advanced diagnoses, it is imperative to improve
screening methods and identify a reliable marker for detecting CRC in younger populations. This study aims to compare
serum ferritin levels between patients diagnosed with EO-CRC to healthy individuals, and identify patient- and disease-
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specific characteristics, including age, and sex, and stage that may further stratify individual risk in this population.

MATERIALS AND METHODS

Study design and patient selection

We performed a retrospective analysis of patients diagnosed with invasive CRC age 18-50 years at Oregon Health &
Science University (OHSU) and affiliated inpatient and outpatient community sites in the Portland, Oregon metropolitan
area from 1/2013-12/2023. This study was approved by the OHSU Institutional Review Board prior to initiation
(STUDY00026428). Patients with an incident CRC diagnosis were identified using International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) codes for “malignant neoplasm of the colon” (C18) and “malignant
neoplasm of the rectum” (C20). Index date was defined as the date of histologic CRC diagnosis. Serum ferritin obtained at
diagnosis was defined as within 2 weeks of histologic diagnosis. Patients were included if they had serum ferritin
measured within 2 years prior to 1 year following CRC histologic diagnosis. Exclusion criteria included a documented
medical history of inflammatory bowel disease, malignancy unrelated to the indexed diagnosis of colon cancer, any
diagnosed iron overload disorder such as hemochromatosis, patients currently undergoing intravenous iron supple-
mentation or chelation therapy (although these individuals were included if serum ferritin levels were obtained prior to
treatment initiation), pregnancy at the time of serum ferritin collection or CRC diagnosis, histological diagnoses of benign
or non-dysplastic conditions based on surgical pathology specimens, cancer in situ, or stage 0 disease. Charts were
independently reviewed for inclusion and exclusion criteria.

To supplement the analysis, we identified a cohort of age-matched HCs meeting similar inclusion and exclusion
criteria. HCs were included if they had an available serum ferritin between the same time interval (1/2013-12/2023).
Patients were excluded if they had a known diagnosis of inflammatory bowel disease (to minimize confounders of
bleeding and inflammation) or CRC. CRC patients were identified by the ICD-10-CM codes above and inflammatory
bowel disease patients were identified by ICD 10 codes for ulcerative colitis (K50) and Crohn’s disease (K51).

Patient demographics, including age and sex, and pertinent laboratory variables including serum ferritin, hemoglobin,
and mean corpuscular volume were ascertained. For the EO-CRC cohort, the closest available serum ferritin level
obtained before diagnosis was selected if multiple levels were available. Furthermore, if a patient required intravenous
iron, the serum ferritin value before the infusion was used. Cancer-specific variables including date of diagnosis,
American Joint Committee on Cancer (AJCC) staging, and months from diagnosis to serum ferritin check were also
obtained.

For the HC cohort we conducted a comprehensive search of our patient database to identify individuals with serum
ferritin levels falling within four predefined ranges: < 20.0 ng/mL, 20.1-45.0 ng/mL, 45.1-100.0 ng/mL, and > 100.0 ng/
mL. Given the large sample size and the possibility of patients having multiple serum ferritin levels over time, it is
acknowledged that some individuals may have been counted in more than one category. Our aim was to include a
comprehensive HC group that represented a diverse sample of the population. Therefore, all patients meeting the
inclusion criteria within the specified ranges were included in our analysis. This approach ensured the inclusivity and
representativeness of our HC cohort.

Statistical analysis & outcome definitions

Our primary outcome of interest was to compare serum ferritin between EO-CRC and HC cohorts. To conduct this, we
defined four distinct serum ferritin groups: < 20.0 ng/mL, 20.1-45.0 ng/mL, 45.1-100.0 ng/mL, and > 100.0 ng/mL. These
groups were further stratified by age and sex to minimize bias. Fisher’s Exact Test was used in an omnibus analysis to
determine the overall significance of the model by testing proportion comparisons of the aforementioned serum ferritin
categories between EO-CRC and HCs. A post-hoc two-sample Z-test of proportions was then utilized to examine which
of the pairwise comparisons were significant.

Non-parametric tests were used due to non-normal distribution. We reported central tendency using median and inter-
quartile range (IQR). Within EO-CRC patients, Kruskal-Wallis was performed to compare serum ferritin levels based on
AJCC stage. This analysis was further stratified by sex. Post-hoc Mann Whitney U-tests were executed to discern
individual differences between the four AJCC stages: Stage I, II, III, and IV. Additionally, using Mann Whiteny U-tests,
anemia status (defined as hemoglobin <12.0 g/dL in females and < 13.5 g/dL in males) and biologic sex by serum ferritin
levels were compared. Spearman’s Rho was used to assess the correlation between serum ferritin and the time of serum
ferritin ascertainment from diagnosis. A partial correlation, using Spearman’s Rho, was performed to assess the potential
association between serum ferritin and age after adjusting for AJCC stage. Findings were considered significant at P <
0.05, and outliers were systematically excluded from all analyses using a strict criterion of > quartile 3 (75" percentile)
plus 5 times IQR.

In a separate sensitivity analysis, the tests described above were repeated, including only patients with serum ferritin
obtained at or before diagnosis to limit potential biases, including the use systemic chemotherapy or surgical resection.
Statistical analysis was performed using IBM SPSS version 29.
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RESULTS

Cohort characteristics

We identified 85 patients with EO-CRC, including 37 males and 48 females. Demographic and clinical characteristics are
presented in Table 1. The mean age at diagnosis was 40.5 years * 5.1 years, with the majority within the range of 29-49
years. There was only one patient under the age of 29 (specifically, 22 years old). Median serum ferritin level was 26 ng/
mL (IQR: 85.5 ng/mL). Within the EO-CRC cohort, 39 of 85 individuals (45.9%, 24 females) had serum ferritin level < 20
ng/mL, 54 of 85 (63.5%, 35 females) had a serum ferritin level < 45 ng/mL, 65 of 85 (76.5%, 41 females) had a serum
ferritin level < 100 ng/mL, and 20 of 85 (23.5%, 7 females) had a serum ferritin level > 100 ng/mL. Three outliers with
serum ferritin levels exceeding 500 ng/mL were excluded from subsequent analyses.

Of the 85 patients in the cohort, 70 were anemic (82.4%) with mean hemoglobin of 10.0 g/dL * 2.4 g/dL (standard
deviation, SD) in females and 10.4 g/dL + 3.0 g/dL in males. AJCC staging was available for all but one patient (patient
opted to not complete workup for staging). Of the 84 patients with available staging, 5 (6.0%, 4 females) were diagnosed
with stage I CRC, 9 (10.7%, 3 females) with stage II CRC, 28 (33.3%, 19 females) with stage III CRC, and 42 (50.0%, 21
females) with stage IV CRC. Regarding the timing of serum ferritin measurements, 14/85 patients (16.5%, 9 females) were
obtained before diagnosis, 34/85 (40%, 18 females) were obtained at diagnosis, and 37/85 (43.5%, 21 females) had serum
ferritin measurements obtained after diagnosis.

In our cohort of age-matched HCs with available serum ferritin, we identified 34035 females and 14149 males within
age range of 29-39 years, and 32750 females and 7534 males within range of 40-49 years.

Serum ferritin range by cohort

To minimize potential bias and considering that our CRC sample included only one patient below age 29 years, we
excluded this patient from the comparative analyses of HCs. Table 2 demonstrates comparisons between the EO-CRC and
HC cohorts stratified by age, sex, and serum ferritin range. Notably, there were significant differences in serum ferritin
range between both cohorts among females and males 29-39 years, as well as in males 40-49 years (P = 0.029, P = 0.0098, P
<0.00001, respectively). There was no significant difference in females 40-49 years (P = 0.456). Both females and males 29-
39 years with CRC had a higher proportion of serum ferritin < 20 ng/mL (female 65%, male 40%) compared to HCs
(female 32.1%, male 7.2%) (P = 0.002 and P < 0.00001, respectively). Males aged 40-49 years with CRC had a higher
proportion of serum ferritin < 20 ng/mL than HCs (38.5% vs 6.9%; P < 0.00001). In females aged 40-49 years, although the

proportion of serum ferritin < 20 ng/mL was higher in CRC vs HCs (39.3% vs 28.6%), the difference was non-significant
(P =0.211).

Serum ferritin by patient- and disease-specific characteristics

Median serum ferritin values within the EO-CRC cohort, stratified by AJCC stage, anemia status, and sex are summarized
in Table 3, with corresponding statistical tests outlined in Table 4. Patients with concurrent anemia (median: 19 ng/mL,
IQR: 49 ng/mL) demonstrated significantly lower serum ferritin compared to those without anemia (median: 60 ng/mL,
IQR: 130 ng/mL; P = 0.018). Stage IV disease was associated with significantly higher serum ferritin compared to less
advanced stages (P < 0.001) (Figure 1A). Specifically, stage II disease was associated with significantly lower serum
ferritin compared to stage III (P = 0.032) and stage IV (P < 0.001), and stage III was associated with significantly lower
serum ferritin than stage IV (P = 0.003). When stratified by sex, serum ferritin by stage differed significantly among males
(P = 0.009) and approached significance in females (P = 0.051) (Figure 1B). When comparing patients with locally
advanced stage I-III to those with advanced disease stage IV, we found a higher proportion of patients with early-stage
disease with serum ferritin levels < 20 ng/mL, whereas a higher proportion of patients with stage IV disease had serum
ferritin levels > 100 ng/mL (Figure 1C).

When comparing serum ferritin by sex, we found a trend towards a lower median serum ferritin for females (median:
19 ng/mL, IQR: 31 ng/mL) compared to males that did not reach statistical significance (median: 41 ng/mL, IQR: 142 ng/
mL; P = 0.127). After adjusting for stage of diagnosis, we found that serum ferritin was positively correlated with age
among females (r = 0.391; P = 0.009), which was not demonstrated in males (r = 0.086; P = 0.618) (Figure 2A and Table 4).
In the unadjusted analysis, we detected a significant positive correlation between serum ferritin level and the time
obtained in relation to diagnosis (Figure 2B), with lower serum ferritin levels obtained prior to or at diagnosis and higher
levels obtained post-diagnosis.

Sensitivity analysis

A separate sensitivity analysis was conducted to include only patients within the EO-CRC cohort with serum ferritin
obtained at or before diagnosis. A total of 46 patients were included in the sensitivity analysis within the EO-CRC cohort.
Similar findings were observed between EO-CRC and HC cohorts, with a higher proportion of patients within EO-CRC
cohort with serum ferritin < 20 ng/mL (Supplementary Table 1).

Median serum ferritin values, stratified by stage, anemia status, and sex, among those in the EO-CRC cohort are
reported in Supplementary Table 2, while the corresponding statistical tests comparing these groups are outlined in
Supplementary Table 3. Median serum ferritin was 18.5 ng/mL and IQR was 44.5 ng/mL. In this cohort, 52.1% of patients
had serum ferritin levels < 20.0 ng/mL, 75.0% had serum ferritin levels < 45.0 ng/mL, 83.3% had serum ferritin levels <
100.0 ng/mL and 17.3% had serum ferritin levels > 100.0 ng/mL. Overall, most comparisons were consistent with our
main analyses, with stronger effect sizes between serum ferritin based on stage, except for stage II vs III, which was not
significant.
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Table 1 Demographics and clinical characteristics of patients diagnosed with early-onset colorectal cancer, n (%)

Females (n = 48, 56.5%) Males (n = 37, 43.5%) Total (n = 85)
Demographic characteristics
Age (years, mean + SD) 39.8+4.9 415+5.2 405+5.1
Serum ferritin level
<20 ng/mL 24 (50.0) 15 (40.5) 39 (45.9)
21-45 ng/mL 11 (22.9) 4 (10.8) 15 (17.6)
46-100 ng/mL 6 (12.5) 5 (13.5) 11 (12.9)
>101 ng/mL 7 (14.6) 13 (35.1) 20 (23.5)
AJCC stage'
I 4(8.3) 1(27) 5(6.0)
I 3(6.3) 6(16.2) 9 (10.7)
11T 19 (39.6) 9 (24.3) 28 (33.3)
v 21 (43.8) 21 (56.8) 42 (50.0)
Characteristics at diagnosis
Anemia 39 (81.3) 31(83.8) 70 (82.4)
MCV <80 fL 20 (41.7) 21 (56.8) 41 (48.2)
MCV >100 fL. 2(4.2) 1(27) 3(3.5)
Ferritin obtained before 9 (18.8) 5(13.5) 14 (16.5)
Ferritin obtained at diagnosis 18 (37.5) 16 (43.2) 34 (40.0)
Ferritin obtained after 21 (43.8) 16 (43.2) 37 (43.5)

IStage was unknown in one patient, as they decided to opt out of further workup.
AJCC: American Joint Committee on Cancer; MCV: Mean corpuscular volume.

Correlation analyses are summarized in Supplementary Table 4. Similar to our primary analysis, we observed a
significant positive correlation between serum ferritin and age among females that was not significant among males. In
contrast, serum ferritin did not correlate by time from diagnosis when only levels obtained before/at diagnosis were
included.

DISCUSSION

In this large, retrospective study of young patients diagnosed with EO-CRC, we found a higher proportion of individuals
with serum ferritin < 20 ng/mL compared to a control population of healthy individuals. Furthermore, lower serum
ferritin in patients with EO-CRC was associated with an earlier stage of disease, earlier time to serum ferritin
measurement preceding diagnosis compared to after diagnosis, and a younger age among females. Taken together, these
findings suggest that serum ferritin may be a particularly useful marker to aid in the diagnosis of EO-CRC in patients
with more localized disease, emphasizing the importance of early and appropriate GI screening in patients found to have
iron deficiency.

Consistent with prior analyses[2,3], our study population consisted primarily of patients with advanced stage III and
IV disease in over 83% of individuals. Previous work has explored the reasoning for more advanced disease in EO-CRC,
suggesting it could be related to lack of screening, failure to recognize and evaluate symptoms and/or histological
differences (more mucinous and signet-ring histology with poor or no differentiation)[27,28]. There was a significant
association between stage IV disease and higher serum ferritin compared to locally advanced stage I-III, possibly
reflecting underlying systemic inflammation or the impact of chemotherapy. This difference was predominantly observed
among males with EO-CRC, potentially due to concurrent causes of blood loss among menstruating individuals leading
to lower iron stores. A previous study of older patients with CRC also found a significant association between higher
serum ferritin and more advanced stage disease[21]. Furthermore, elevated serum ferritin has also been independently
associated with higher mortality in patients with CRC[29]. While AGA guidelines specifically recommend GI screening
for certain individuals with iron deficiency, they acknowledge the limitations of false elevations of serum ferritin as an
acute phase reactant[16]. These findings highlight the diagnostic challenges of relying on serum ferritin to guide workup
for CRC, particularly in patients with advanced disease, yet demonstrate potential utility in early screening to guide
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Table 2 Early-onset colorectal cancer vs healthy controls stratified by age, sex, and serum ferritin

EO-CRC Healthy controls P value
Female: Age 29-39 Fisher’s exact: P = 0.029
Ferritin < 20.0 ng/mL 13/20 (65.0%) 10931/34035 (32.1%) 0.002
20.1-45.0 ng/mL 3/20 (15.0%) 10626/34035 (31.2%) 0.116
45.1-100.0 ng/mL 2/20 (10.0%) 8039/34035 (23.6%) 0.153
>100.1 ng/mL 2/20 (10.0%) 4439/34035 (13.0%) 0.689
Male: Age 29-39 Fisher’s exact: P = 0.0098
Ferritin < 20.0 ng/mL 4/10 (40.0%) 423/5892 (7.2%) <0.00001
20.1-45.0 ng/mL 1/10 (10.0%) 825/5892 (14.0%) 0.719
45.1-100.0 ng/mL 1/10 (10.0%) 1738/5892 (29.5%) 0.177
2100.1 ng/mL 4/10 (40.0%) 2906/5892 (49.3%) 0.555
Female: Age 40-49 Fisher’s exact: P = 0.456
Ferritin < 20.0 ng/mL 11/28 (39.3%) 9364/32750 (28.6%) 0.211
20.1-45.0 ng/mL 8/28 (28.6%) 9947/32750 (30.4%) 0.834
45.1-100.0 ng/mL 4/28 (14.3%) 8230/32750 (25.1%) 0.187
2100.1 ng/mL 5/28 (17.9%) 5209/32750 (15.9%) 0.779
Male: Age 40-49 Fisher’s exact: P < 0.00001
Ferritin < 20.0 ng/mL 10/26 (38.5%) 519/7534 (6.9%) <0.00001
20.1-45.0 ng/mL 3/26 (11.5%) 920/7534 (12.2%) 0.920
45.1-100.0 ng/mL 4/26 (15.4%) 2021/7534 (26.8%) 0.187
>100.1 ng/mL 9/26 (34.6%) 4074/7534 (54.1%) 0.047

For the purpose of this analysis, one patient in early-onset colorectal cancer (EO-CRC) cohort, age 22 years, was excluded to limit biases. Fisher’s exact test
was used to compare the proportions of the different serum ferritin level groups between EO-CRC and healthy controls (HCs). Then post-hoc z-test of
proportions were used to compare specific serum ferritin levels between EO-CRC and HCs. Patients were grouped by age and sex to minimize

confounding factors.

further workup.

In addition to the association between serum ferritin and stage of diagnosis, the timing of serum ferritin in relation to
diagnosis has also yielded important findings. The results of our analysis showed a positive correlation between serum
ferritin and later time to measurement that was particularly pronounced in males. When adjusted to only include patients
with serum ferritin levels obtained before or at the time of their diagnosis, there was no significant correlation observed,
suggesting that higher serum ferritin levels were mainly observed in those obtained after the time of diagnosis, perhaps
owing to treatment-specific factors leading to systemic inflammation. This can be seen in the sensitivity analysis which
demonstrated a lower median serum ferritin (18.5 ng/mL) as compared to our primary analysis (26.0 ng/mL). Future
studies are needed to determine whether the routine incorporation of serum ferritin in health maintenance screening may
provide a useful tool in detecting early diagnosis of CRC in young patients.

Our analysis also found a higher proportion of patients with severe iron deficiency (serum ferritin < 20 ng/mL) in
patients with EO-CRC compared to HCs, particularly in males and in younger individuals. When comparing characte-
ristics among those in the EO-CRC cohort, we found that while females had a lower median serum ferritin level than
males, the difference was not significant. In our sensitivity analysis, which included only patients with serum ferritin
obtained at or before diagnosis, the median serum ferritin levels between the both sexes were nearly identical, consistent
with evidence suggesting that bleeding in occurs early in the course of CRC[30]. While endoscopic workup in males with
iron deficiency is widely accepted, diagnostic challenges in females are heightened by confounding factors predisposing
to iron deficiency, including menstrual blood loss and pregnancy. In females with iron deficiency, it essential to enquire
about potential sources of blood loss or decreased iron intake, rather than assuming the etiology, to ensure appropriate
and timely workup in this population.

While current AGA guidelines recommend bidirectional endoscopy in males and postmenopausal females with serum
ferritin < 45 ng/mL[16], only a conditional recommendation exists for premenopausal females with iron deficiency.
Furthermore, although the AGA defines iron deficiency as serum ferritin < 45 ng/mL, there’s no universal consensus of
the diagnostic threshold. The World Health Organization defines iron deficiency as serum ferritin < 15 ng/mL[31] while
other societies have defined iron deficiency as < 30 ng/mL[32,33]. In our cohort, 63.5% of patients with CRC (75.0% in the
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Table 3 Median serum ferritin in patients diagnosed with early-onset colorectal cancer stratified by sex, American Joint Committee on

Cancer stage, and anemia status

Median (IQR), ng/mL Females (n = 45) Males (n = 37) Total (n = 82)
AJCC stage

I 23.5 (31.50) 8.0! 13 (30.5)

I 6.0° 4.0 (18.25) 9.0 (11.0)

I 13.0 (23.25) 21.0 (124.00) 14.0 (51.0)

v 30.0 (45.00) 92.0 (170.00) 42.0 (106.0)

Anemia status

Yes 17.5 (25.50) 32.0 (127.00) 19.0 (49.00)
No 34.0 (47.00) 131.5 (97.00) 60.0 (130.00)
Sex 19.0 (31.50) 41.0 (142.00) -

One case included, unable to calculate inter-quartile range (IQR).
2Three cases included, unable to calculate IQR.
Three outliers were removed with serum ferritin > 500 ng/mL [> quartile 3 (75" percentile) plus 5 times IQR]. IQR: Inter-quartile range; AJCC: American

Joint Committee on Cancer.

Table 4 Correlation analyses of serum ferritin by age and by months from diagnosis

Item r P value

Serum ferritin by age'

Total 0.281 0.011
Females 0.391 0.009
Males 0.086 0.618

Serum ferritin by months from diagnosis

Total 0.272 0.014
Females 0.052 0.733
Males 0.436 0.007

! Adjusted for by American Joint Committee on Cancer Stage.

sensitivity analysis) had a serum ferritin < 45 ng/mL. Reliable data to define GI malignancy risk at different ages or
anemia levels weren’t found in the literature review that informed the AGA guidelines[16]. Given the higher prevalence
of iron deficiency in women, the feasibility of bidirectional endoscopy in this population is challenging. However,
insights from this study and future trials may establish updated thresholds for workup in this age group (e.g., serum
ferritin < 20 ng/mL). Thus, we believe our study’s results can provide initial data for future risk stratification in this
population. Further studies are necessary to delineate the appropriate endoscopic workup in premenopausal women,
including screening measures such as fecal immunochemical testing and/or serologic testing of malabsorptive
syndromes.

While our study predominantly consisted of patients with iron deficiency anemia in 82.4% of individuals, there was a
subset of patients who were iron deficient without concurrent anemia. To this point, in a study of postmenopausal
women and men, iron deficiency anemia was associated with a 31-times higher risk of GI cancer compared to non-
anemic, non-iron deficient individuals[17]. Additionally, iron deficiency without anemia has shown a 5-times increased
risk of GI malignancy compared to non-iron deficient individuals, albeit at a lower risk compared to iron deficiency
anemia[17]. It is worth acknowledging that the high proportion of anemia observed in our study might be attributed to
patients who were found first to be anemic on routine labs, then found to have iron deficiency on further diagnostic
workup. The importance of early detection of iron deficiency cannot be underscored, given the potential morbidity
associated with under-recognition, as well as potential clinical implications such as missed diagnoses of CRC.

We acknowledge several limitations due to the inherent nature of this retrospective analysis. Although efforts were
made to mitigate selection bias in the HC cohort, we were unable to fully match HCs with the EO-CRC cohort or
minimize all potential confounding variables, including underlying bleeding or inflammatory disorders that may impact
serum ferritin. However, our sample population of HCs did include a large sample size of over 60000 females and 13000
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Figure 1 Serum ferritin by American Joint Committee on Cancer stage and stratified by sex. Stage IV disease was associated with significantly
higher serum ferritin levels compared to other stages (P < 0.001), particularly in males compared to females. A: American Joint Committee on Cancer stage; B: Sex;
C: The proportion of locally advanced disease (Stage I-Ill) to advanced disease (Stage 1V) by serum ferritin level, demonstrating a higher proportion of patients with
early-stage disease with serum ferritin < 20 ng/mL compared to those with advanced disease. The stars () denote outliers and are standard when developing figures
in SPSS.

males to allow for a sample distribution of the general population. Additionally, our study did not include a control
group comparing older individuals with CRC with younger individuals, though the primary goal of our analysis was to
identify patient- and disease-related characteristics pertinent to the younger population. Among patients in the EO-CRC
cohort, there were very few patients with limited stage I and II disease, and thus conclusions in this population are
overall limited. We could not fully rule out other sources of blood loss in the study population, including heavy
menstrual bleeding. Assessing the incidence of heavy menstrual bleeding in the cohort presents challenges due to
variability in provider documentation and screening practices, and thus highlights a limitation of the retrospective nature
of our analysis. While this may be a confounder to serum ferritin assessment, ensuring a representative population of
premenopausal individuals was a priority in our study design. We also acknowledge that serum ferritin levels obtained
after the time of diagnosis may be confounded by other factors owing to treatment, though reassuringly similar findings
were observed within our sensitivity analyses. It is important to acknowledge that our decision to select the closest serum
ferritin level to diagnosis, rather than the earliest available serum ferritin result, may have influenced the results of our
sensitivity analysis. Given that serum ferritin is not routinely ordered as part of standard clinical assessment, conducting
a retrospective study with a more stringent time interval for serum ferritin (e.g., 6 months prior, as illustrated in
Figure 2B) would likely have restricted our sample size. Considering the emerging evidence of intracellular iron
deposition in various tumors, it's important to acknowledge that serum ferritin levels may not always correlate with
serum iron. Future prospective studies are needed to address these limitations, further validate the findings of this study,
and potentially explore alternative iron measures such as transferrin saturation or serum iron when assessing the risk of
CRC.

CONCLUSION

To our knowledge, this is the first study that has evaluated the diagnostic role of serum ferritin in young patients with
EO-CRC. Our results show a significantly higher proportion of patients with EO-CRC with severe iron deficiency with
serum ferritin < 20 ng/mL compared to a healthy population, and demonstrated significant associations between lower
serum ferritin and earlier stage and younger age in females. The study findings suggest that in EO-CRC, bleeding may
occur early in the course of the disease, and that chronic inflammation and/or systemic therapy may contribute to
elevated serum ferritin in more advanced disease. Ongoing research is crucial to establish the optimal serum ferritin
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Figure 2 Serum ferritin. A: After accounting for stage at diagnosis, serum ferritin in females was significantly positively correlated with age (r = 0.391; P = 0.009).
However, this correlation was not observed in males (r = 0.086; P = 0.618); B: Serum ferritin by month obtained from colorectal cancer diagnosis, stratified by the
stage of the disease, demonstrating a positive correlation between serum ferritin and a later time to ascertainment.

threshold for defining iron deficiency and to determine its usefulness in identifying individuals at risk for CRC, parti-

cularly in early stages. Further research and validation of these findings could contribute to the development of effective
screening strategies for EO-CRC.
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