
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2024 August 15; 16(8): 3368-3740

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I August 15, 2024 Volume 16 Issue 8

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 16 Number 8 August 15, 2024

EDITORIAL

Remazolam combined with transversus abdominis plane block in gastrointestinal tumor surgery: Have we 
achieved better anesthetic effects?

3368

Cao J, Luo XL, Lin Q

Immune-related gene characteristics: A new chapter in precision treatment of gastric cancer3372

Gao L, Lin Q

Navigating the labyrinth of long non-coding RNAs in colorectal cancer: From chemoresistance to 
autophagy

3376

Yu JM, Sun CQ, Xu HH, Jiang YL, Jiang XY, Ni SQ, Zhao TY, Liu LX

Importance of early detection of esophageal cancer before the tumor progresses too much for effective 
treatment

3382

Ono T

Early diagnosis of esophageal cancer: How to put “early detection” into effect?3386

Pubu S, Zhang JW, Yang J

Colon cancer screening: What to choose?3393

Gomez Zuleta MA

REVIEW

Research progress on the development of hepatocyte growth factor/c-Met signaling pathway in gastric 
cancer: A review

3397

Wei WJ, Hong YL, Deng Y, Wang GL, Qiu JT, Pan F

Research progress on the effect of pyroptosis on the occurrence, development, invasion and metastasis of 
colorectal cancer

3410

Wang X, Yin QH, Wan LL, Sun RL, Wang G, Gu JF, Tang DC

MINIREVIEWS

Importance of diet and intestinal microbiota in the prevention of colorectal cancer - colonoscopy early 
screening diagnosis

3428

Jovandaric MZ

ORIGINAL ARTICLE

Retrospective Cohort Study

Analysis of vascular thrombus and clinicopathological factors in prognosis of gastric cancer: A 
retrospective cohort study

3436

Chen GY, Ren P, Gao Z, Yang HM, Jiao Y



WJGO https://www.wjgnet.com II August 15, 2024 Volume 16 Issue 8

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 8 August 15, 2024

Application of fecal immunochemical test in colorectal cancer screening: A community-based, cross-
sectional study in average-risk individuals in Hainan

3445

Zeng F, Zhang DY, Chen SJ, Chen RX, Chen C, Huang SM, Li D, Zhang XD, Chen JJ, Mo CY, Gao L, Zeng JT, Xiong JX, 
Chen Z, Bai FH

Effect of perioperative chemotherapy on resection of isolated pulmonary metastases from colorectal 
cancer: A single center experience

3457

Gao Z, Jin X, Wu YC, Zhang SJ, Wu SK, Wang X

Retrospective Study

Microvascular structural changes in esophageal squamous cell carcinoma pathology according to 
intrapapillary capillary loop types under magnifying endoscopy

3471

Shu WY, Shi YY, Huang JT, Meng LM, Zhang HJ, Cui RL, Li Y, Ding SG

Camrelizumab, apatinib and hepatic artery infusion chemotherapy combined with microwave ablation for 
advanced hepatocellular carcinoma

3481

Zuo MX, An C, Cao YZ, Pan JY, Xie LP, Yang XJ, Li W, Wu PH

Serum ferritin and the risk of early-onset colorectal cancer3496

Urback AL, Martens K, McMurry HS, Chen EY, Citti C, Sharma A, Kardosh A, Shatzel JJ

Combining lymph node ratio to develop prognostic models for postoperative gastric neuroendocrine 
neoplasm patients

3507

Liu W, Wu HY, Lin JX, Qu ST, Gu YJ, Zhu JZ, Xu CF

Observational Study

Efficacy of chemotherapy containing bevacizumab in patients with metastatic colorectal cancer according 
to programmed cell death ligand 1

3521

Kang SW, Lim SH, Kim MJ, Lee J, Park YS, Lim HY, Kang WK, Kim ST

Endoscopic detection and diagnostic strategies for minute gastric cancer: A real-world observational study3529

Ji XW, Lin J, Wang YT, Ruan JJ, Xu JH, Song K, Mao JS

Clinical and Translational Research

Targeting colorectal cancer with Herba Patriniae and Coix seed: Network pharmacology, molecular 
docking, and in vitro validation

3539

Wang CL, Yang BW, Wang XY, Chen X, Li WD, Zhai HY, Wu Y, Cui MY, Wu JH, Meng QH, Zhang N

Basic Study

Expression and significant roles of the long non-coding RNA CASC19/miR-491-5p/HMGA2 axis in the 
development of gastric cancer

3559

Zhang LX, Luo PQ, Wei ZJ, Xu AM, Guo T

Insulin-like growth factor 2 targets IGF1R signaling transduction to facilitate metastasis and imatinib 
resistance in gastrointestinal stromal tumors

3585

Li DG, Jiang JP, Chen FY, Wu W, Fu J, Wang GH, Li YB



WJGO https://www.wjgnet.com III August 15, 2024 Volume 16 Issue 8

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 8 August 15, 2024

Dysbiosis promotes recurrence of adenomatous polyps in the distal colorectum3600

Yin LL, Qi PQ, Hu YF, Fu XJ, He RS, Wang MM, Deng YJ, Xiong SY, Yu QW, Hu JP, Zhou L, Zhou ZB, Xiong Y, Deng H

Effect of acacetin on inhibition of apoptosis in Helicobacter pylori-infected gastric epithelial cell line3624

Yao QX, Li ZY, Kang HL, He X, Kang M

Curcumin for gastric cancer: Mechanism prediction via network pharmacology, docking, and in vitro 
experiments

3635

Yang PH, Wei YN, Xiao BJ, Li SY, Li XL, Yang LJ, Pan HF, Chen GX

Lecithin-cholesterol acyltransferase is a potential tumor suppressor and predictive marker for hepato-
cellular carcinoma metastasis

3651

Li Y, Jiang LN, Zhao BK, Li ML, Jiang YY, Liu YS, Liu SH, Zhu L, Ye X, Zhao JM

META-ANALYSIS

Efficacy of hepatic arterial infusion chemotherapy and its combination strategies for advanced hepato-
cellular carcinoma: A network meta-analysis

3672

Zhou SA, Zhou QM, Wu L, Chen ZH, Wu F, Chen ZR, Xu LQ, Gan BL, Jin HS, Shi N

SCIENTOMETRICS

Current trends and hotspots of depressive disorders with colorectal cancer: A bibliometric and visual 
study

3687

Yan ZW, Liu YN, Xu Q, Yuan Y

Research status and hotspots of tight junctions and colorectal cancer: A bibliometric and visualization 
analysis

3705

Li HM, Liu Y, Hao MD, Liang XQ, Yuan DJ, Huang WB, Li WJ, Ding L

CASE REPORT

Aggressive fibromatosis of the sigmoid colon: A case report3716

Yu PP, Liu XC, Yin L, Yin G

Jejunal sarcomatoid carcinoma: A case report and review of literature3723

Feng Q, Yu W, Feng JH, Huang Q, Xiao GX

LETTER TO THE EDITOR

Current and future research directions in cellular metabolism of colorectal cancer: A bibliometric analysis3732

Jiang BW, Zhang XH, Ma R, Luan WY, Miao YD

Risk factors for the prognosis of colon cancer3738

Wu CY, Ye K



WJGO https://www.wjgnet.com IX August 15, 2024 Volume 16 Issue 8

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 8 August 15, 2024

ABOUT COVER

Editorial Board of World Journal of Gastrointestinal Oncology, Salem Youssef Mohamed, MD, Professor, 
Gastroenterology and Hepatology Unit, Department of Internal Medicine, Zagazig University, Zagazig 44516, 
Egypt. salemyousefmohamed@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J Gastrointest Oncol) is to provide 
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic 
and clinical research articles and communicate their research findings online. 
    WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal 
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic 
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, etc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE, 
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China 
Science and Technology Journal Database, and Superstar Journals Database. The 2024 edition of Journal Citation 
Reports® cites the 2023 journal impact factor (JIF) for WJGO as 2.5; JIF without journal self cites: 2.5; 5-year JIF: 2.8; 
JIF Rank: 71/143 in gastroenterology and hepatology; JIF Quartile: Q2; and 5-year JIF Quartile: Q2. The WJGO’s 
CiteScore for 2023 is 4.2 and Scopus CiteScore rank 2023: Gastroenterology is 80/167; Oncology is 196/404.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Si Zhao; Production Department Director: Xiang Li; Cover Editor: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5204 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

February 15, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5204/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 15, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:office@baishideng.com
https://www.wjgnet.com


WJGO https://www.wjgnet.com 3496 August 15, 2024 Volume 16 Issue 8

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2024 August 15; 16(8): 3496-3506

DOI: 10.4251/wjgo.v16.i8.3496 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Retrospective Study

Serum ferritin and the risk of early-onset colorectal cancer

Adam L Urback, Kylee Martens, Hannah Stowe McMurry, Emerson Y Chen, Caitlin Citti, Anil Sharma, Adel 
Kardosh, Joseph J Shatzel

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade A 
Novelty: Grade A 
Creativity or Innovation: Grade B 
Scientific Significance: Grade B

P-Reviewer: Ji Y, China

Received: March 20, 2024 
Revised: May 14, 2024 
Accepted: June 11, 2024 
Published online: August 15, 2024 
Processing time: 139 Days and 18.6 
Hours

Adam L Urback, Division of Internal Medicine, Oregon Health & Science University, Portland, 
OR 97239, United States

Kylee Martens, Hannah Stowe McMurry, Emerson Y Chen, Adel Kardosh, Joseph J Shatzel, 
Division of Hematology and Medical Oncology, Knight Cancer Institute, Oregon Health & 
Science University, Portland, OR 97239, United States

Caitlin Citti, Anil Sharma, Division of Gastroenterology & Hepatology, Oregon Health & 
Science University, Portland, OR 97239, United States

Corresponding author: Adam L Urback, BSc, MD, MSc, Doctor, Division of Internal Medicine, 
Oregon Health & Science University, 3181 SW Sam Jackson Park Road, Portland, OR 97239, 
United States. urback@ohsu.edu

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 

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v16.i8.3496
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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-

https://www.wjgnet.com/1948-5204/full/v16/i8/3496.htm
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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 (75th 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.

https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
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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 41.5 ± 5.2 40.5 ± 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 stage1

I 4 (8.3) 1 (2.7) 5 (6.0)

II 3 (6.3) 6 (16.2) 9 (10.7)

III 19 (39.6) 9 (24.3) 28 (33.3)

IV 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 (2.7) 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)

1Stage 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 

https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e7954cea-7151-4c4e-a883-8f9ce906c7c4/94556-supplementary-material.pdf
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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

≥ 100.1 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

≥ 100.1 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) 8.01 13 (30.5)

II 6.02 4.0 (18.25) 9.0 (11.0) 

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

IV 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) -

1One 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 (75th 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 age1

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

1Adjusted 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-III) to advanced disease (Stage IV) 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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