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Abstract 

Background: Currently, there is information on the detrimental impacts of exposure to pollutants 

such as per- and polyfluoroalkyl substances (PFAS) but there is still limited information on the 

impact PFAS has on colorectal cancer. 

Aim: To review and examine the evidence available in the existing published literature showing 

an association between exposure to PFAS and colorectal cancer. 

Methods: In this narrative review using searches of PubMed, SCOPUS and Google Scholar, 

publications between 2003 and 2023 were identified to ensure the inclusion of all recent 

development in this area of research. Inclusion criteria included a focus on the association 

between PFAS/PFOS and colorectal cancer. Both epidemiological and toxicology studies 

conducted globally were examined as well as reviews. In addition, studies that assessed an 

association between PFAS/PFOS and GI tract/intestinal inflammation were also reviewed, 

because they were considered relevant for the colorectal cancer outcome. 

Results: In the 18 studies included in this review, there is not sufficient evidence to say that 

PFAS/PFOS causes colorectal cancer. Findings from the animal studies vary, showing negative 

associations, molecular disruptions and microbiota dynamics, as well as inverse associations 

between PFAS exposure and reduction of gastrointestinal tumors. Additional studies on 

colorectal cancer cell lines and metabolic remodeling of cells suggest limited evidence for an 

association between PFOA exposure and stimulation cell’s invasive ability and metabolism. The 

epidemiological studies also show complex and distinct findings suggesting the need for further 

research to establish an association between PFAS/PFOS exposure and colorectal cancer.  

Conclusion: The current existing body of published literature does not provide sufficient 

evidence to establish an association between exposure to PFAS/PFOS and colorectal cancer. 

Additional research is warranted to better understand the mechanisms through which 

PFAS/PFOS affect colorectal cancer. 



 

3 

Acknowledgments 

I would like to express my deepest gratitude to my thesis advisors Dr. Caroline Johnson and Dr. 

Nicole Deziel. I am truly very grateful to Dr. Johnson and Dr. Deziel for their constant guidance, 

support, patience and kindness throughout the course of writing this thesis.  

 

In addition, I would also like to thank Kate Nyhan, Yale Librarian who helped me refine my 

search terms to guide my research. 

 

Thank you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4 

Table Of Contents 

Abstract .......................................................................................................................................... 2 

Acknowledgments ........................................................................................................................ 3 

Table Of Contents ......................................................................................................................... 4 

List of Tables ................................................................................................................................. 5 

List of Figures ............................................................................................................................... 5 

Introduction ................................................................................................................................... 6 

Etiology and risk factors of colon/colorectal cancer ........................................................ 6 

Background on PFAS/PFOS ............................................................................................ 7 

PFAS/PFOS and Cancer ................................................................................................. 8 

Methods ......................................................................................................................................... 9 

Figure 1: Literature search strategy for studies of PFAS and Colorectal Cancer ......... 11 

Results ......................................................................................................................................... 12 

Table 1: Summary of studies assessing association of PFAS/PFOS exposure and 

Colorectal Cancer development..................................................................................... 12 

Table 2: Other relevant literature assessing association of PFAS/PFOS exposure and 

Colorectal Cancer development..................................................................................... 16 

Animal studies assessing the association between PFAS/PFOS and colorectal cancer

 ........................................................................................................................................ 19 

Epidemiological studies assessing the association between PFAS/PFOS and 

colorectal cancer ............................................................................................................ 21 

Studies assessing the association between PFAS/PFOS and colorectal cancer cell 

lines and metabolism ..................................................................................................... 24 

Other relevant literature ................................................................................................. 25 

Discussion ................................................................................................................................... 28 

PFAS/PFOS and Colorectal Cancer .............................................................................. 28 

Other risk factors for Colorectal Cancer ........................................................................ 32 

Environmental Factors and Colorectal Cancer .............................................................. 35 

Limitations and Recommendations ................................................................................ 35 

Conclusion................................................................................................................................... 36 

References ................................................................................................................................... 38 

 



 

5 

List of Tables 

Table 1: Summary of studies assessing association of PFAS/PFOS exposure and Colorectal 

Cancer development 

Table 2: Other relevant literature assessing association of PFAS/PFOS exposure and Colorectal 

Cancer development  

List of Figures 

Figure 1: Literature search strategy for studies of PFAS and Colorectal Cancer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

6 

Introduction 

Etiology and risk factors of colon/colorectal cancer 

Colorectal cancer is the third most commonly diagnosed cancer as well as the third most 

common cause of cancer-related death in both men and women in the United States. (American 

Cancer Society, 2023; Siegel et al., 2023). Globally, it accounts for approximately 10% of all 

cancer cases and is the second leading cause of cancer-related deaths (World Health 

Organization, 2023). Colorectal cancer is most often diagnosed at advanced stages with the 

majority of cases occurring in people aged 50 and older as colorectal cancer presents no 

symptoms in the early stages (World Health Organization, 2023). One of the strongest known 

risk factors for colorectal cancer is family history of colorectal cancer; individuals with a parent, 

sibling or child who has been diagnosed with colorectal cancer, have a 2 to 4 times the risk of 

developing the disease compared to people without a family history (World Health Organization, 

2023). In addition to these heredity factors, modifiable risk factors also play a role. More than 

half (55%) of all colorectal cancers in the United States are attributable to lifestyles including 

unhealthy diets, insufficient physical activity, high alcohol consumption, smoking and family 

history as well as environmental factors (American Cancer Society, 2023). Some specific 

environmental influences that are associated with colorectal cancer have been identified in 

several epidemiological studies such as diets that are rich in red, processed and grilled meats, 

smoking and alcohol use, as well as pre-existing diseases such as obesity, type 2 diabetes and 

inflammatory bowel diseases (Rattray et al., 2017). Inflammatory bowel diseases (IBD) such as 

either ulcerative colitis or Crohn’s disease, significantly increases one’s risk of colorectal cancer 

(American Cancer Society, n.d.). The National Cancer Institute highlights that interrelated 

factors such as diet, bacteria in the gut and inflammation significantly contribute to the early-

onset of colorectal cancer. This review will provide an overview of existing literature 

investigating the association between PFAS exposure and colorectal cancer. 

https://www.zotero.org/google-docs/?9i4IIV
https://www.zotero.org/google-docs/?9i4IIV
https://www.zotero.org/google-docs/?K1h6Hm
https://www.zotero.org/google-docs/?K1h6Hm
https://www.zotero.org/google-docs/?FqaieM
https://www.zotero.org/google-docs/?WllDE0
https://www.zotero.org/google-docs/?WllDE0
https://www.zotero.org/google-docs/?WvmXUp
https://www.zotero.org/google-docs/?hzcsEv
https://www.zotero.org/google-docs/?9m5GFo


 

7 

Background on PFAS/PFOS 

Per- and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals often 

referred to as “forever chemicals” that have been widely used in industry and consumer 

products since the 1940s and over time, leak into soil, water and air. PFAS are of concern, 

including many perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) as they 

do not break down in the environment, bio accumulate in fish and other wildlife, and can use soil 

and contaminated drinking water sources as reservoirs to move in the environment (Centers for 

Disease Control and Prevention, 2022a). PFOA and PFOS are widely known as the most 

commonly detected types of PFAS in various environmental compartments and have been 

associated with plastic pollution and as being endocrine disruptors (Wee & Aris, 2023). These 

chemicals are resistant to grease, oil, water and heat and as a result, remain in the environment 

for a long-time (Centers for Disease Control and Prevention, 2022b). PFAS are widespread in 

the environment and are commonly found in a variety of products such as clothing, furniture, 

food packaging, adhesives, heat-resistant non-stick cooking surfaces among others (Centers for 

Disease Control and Prevention, 2022a).  

PFAS have a chain of linked carbon and fluorine atoms and some of these also have a 

functional group at the end of each chain which are the basis for the different chemical 

properties and different chemical names. In the structure of perfluoroalkyl substances, all 

carbons except the last one are attached to fluorine, and the last carbon attaches to the 

functional group (National Institute of Environmental Health Sciences, n.d.). In the structure of 

polyfluoroalkyl substances, at least one (but not all) carbons are attached to fluorines. The 

carbon-fluorine represents one of the strongest bonds, thus, these chemicals do not degrade 

easily in the environment (National Institute of Environmental Health Sciences, n.d.). PFAS are 

a group of nearly 15,000 synthetic chemicals (National Institute of Environmental Health 

Sciences, n.d.). PFAS are often divided into two groups, short and long chains. PFOS is a long-

https://www.zotero.org/google-docs/?QGSk0d
https://www.zotero.org/google-docs/?QGSk0d
https://www.zotero.org/google-docs/?3vE00C
https://www.zotero.org/google-docs/?ZQrRz8
https://www.zotero.org/google-docs/?NPbc7B
https://www.zotero.org/google-docs/?NPbc7B
https://www.zotero.org/google-docs/?KTMoxO
https://www.zotero.org/google-docs/?DUoZ0m
https://www.zotero.org/google-docs/?ComiWi
https://www.zotero.org/google-docs/?ComiWi
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chain subtype of PFAS. Long-chain PFAS have comparable bioaccumulation potential as other 

well-known contaminants such as dichlorodiphenyltrichloroethane (DDT) and polychlorinated 

biphenyls (PCBs) (Durham et al., 2023). 

The widespread presence of PFAS has led scientists to study their impact on human 

health and over the last decade, interest in PFAS has significantly grown with agencies such as 

ATSDR partnering with state health officials in more than 30 communities across the United 

States to investigate exposure and the possible human health effects associated with PFAS 

(Centers for Disease Control and Prevention, 2022b). Humans are most likely exposed to such 

chemicals through consumption of PFAS-contaminated water or food, using products made with 

PFAS or through breathing air with PFAS. Since PFAS don’t easily degrade, humans and 

animals continue to repeatedly be exposed and blood levels of some PFAS can build up over 

time (National Institute of Environmental Health Sciences, n.d.). To measure PFAS exposure, 

PFAS can be measured in multiple biological matrices including whole blood, serum, plasma, 

urine, breast milk and hair (Alves et al., 2015). However, most studies predominantly used 

either serum or plasma to evaluate PFAS exposure and the measured concentrations in serum 

and plasma of PFAS have been comparable to the measures of PFOA, PFOS and 

perfluorohexane sulfonate (PFHxS) (Ehresman et al., 2007).  

 

PFAS/PFOS and Cancer 

The International Agency for Research on Cancer (IARC) has classified one type of 

PFAS, PFOA, a human known carcinogen, and PFOS as a possible carcinogen; and various 

studies have linked exposure to PFOA to cancers such as renal cell carcinoma and testicular 

cancer (International Agency for Research on Cancer, 2023). This is supported by several 

cohort studies in the past few decades that have linked PFOA to different kinds of 

tumorigenesis, including cancers such as pancreatic, liver and testicular among many (Miao et 

https://www.zotero.org/google-docs/?C6g5Vw
https://www.zotero.org/google-docs/?enS20E
https://www.zotero.org/google-docs/?WhXLAU
https://www.zotero.org/google-docs/?W6cNTp
https://www.zotero.org/google-docs/?bbmH9s
https://www.zotero.org/google-docs/?V1zgwY
https://www.zotero.org/google-docs/?W2yl5o
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al., 2015). Despite the findings of the IARC indicating PFOS and PFOA as known or possible 

carcinogens, there lies gaps in the understanding of the association between PFAS and 

carcinogenicity. To better address these gaps in understanding of the association between 

PFAS and carcinogenicity, the Division of Cancer Epidemiology & Genetics (DCEG) has 

launched several studies aimed at identifying specific cancers associated with PFAS (National 

Cancer Institute Division of Cancer Epidemiology & Genetics, 2020). Additionally, the National 

Academies Sciences Engineering Medicine 2022 Guidance on PFAS Exposure, Testing, and 

Clinical Follow-Up report highlights an association between PFAS link to intestinal inflammation 

and a rare autoimmune condition of the gastrointestinal (GI) tract. This is supported by the 

American Cancer Society, which highlights that inflammatory bowel disease (IBD) such as 

either ulcerative colitis or Crohn’s disease, significantly increases one’s risk of colorectal cancer 

(American Cancer Society, n.d.). Furthermore, the National Cancer Institute also highlights that 

interrelated factors such as diet, bacteria in the gut and inflammation contribute to the early-

onset of colorectal cancer (National Cancer Institute, 2020). Despite the findings from the 

National Academies Sciences Engineering Medicine 2022 Guidance on PFAS Exposure, 

Testing, and Clinical Follow-Up report, highlighting an association between PFAS and intestinal 

inflammation and evidence supporting that inflammatory bowel disease (IBD) such as ulcerative 

colitis or Crohn’s disease as well as bacteria in the gut and inflammation contribute to the onset 

of colorectal cancer, currently there is still little information on the environmental impact of 

pollutants such as PFAS/PFOS/PFOA on colorectal cancer.  

 

Methods  

This is a narrative review where existing literature was examined providing evidence 

linking PFAS and colorectal cancer. The following databases were searched: 

PubMed/MEDLINE, Google Scholar and SCOPUS using the following specific search terms: 

https://www.zotero.org/google-docs/?W2yl5o
https://www.zotero.org/google-docs/?51pO4r
https://www.zotero.org/google-docs/?51pO4r
https://www.zotero.org/google-docs/?UwJCw1
https://www.zotero.org/google-docs/?qkEvnl
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PFAS, PFOS, PFOA, perfluoroalkyl, colon, colorectal, colon cancer, colorectal cancer, 

gastrointestinal (GI) tract, perfluorooctane, perfluorooctanesulfonyl fluoride, perfluoro, and poly-

fluoro. A total of 138 articles were identified as part of the search and the titles and abstracts 

were manually screened for duplicates, irrelevant articles and articles relating to other types of 

cancers. After this initial screening, a total of 65 articles were excluded and a second manual 

screening of the full-text articles was conducted and 55 additional reports were excluded as they 

did not meet the strict inclusion criteria of assessing PFAS/PFOS and its association with 

colorectal cancer. As a result, this review includes the 18 articles that met the search criteria. 

Articles published from 2003 to 2023 were included in this narrative review and the following 

article types were included: primary research articles, systematic reviews, meta-analyses, 

various observational studies such as cohort studies and case-control studies, peer-reviewed 

articles and reports. The following types or studies were excluded: non-peer-reviewed sources, 

studies with unclear methodology, studies lacking clear evidence of exposure assessment 

(biological methods such as serum/blood testing, etc.,), studies with small sample sizes in 

human studies such as studies that did not look at large cohorts, and human studies with short 

follow-up times of less than a year since PFAS bio accumulates over time, it is important to 

assess populations who have been exposed to PFAS for a longer period of time. The 18 articles 

included in this review investigate the association between specific PFAS and colorectal cancer 

including studies on both human subjects or animal studies. From each of the studies, the 

primary findings were abstracted and assessed if the study looked at a link between PFAS and 

colorectal cancer. Additional information abstracted from studies include: year of study, study 

type, study location and population (human/animal model used), sample size, types of PFAS 

assessed, and samples measured (i.e. environmental, biological). 
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Figure 1: Literature search strategy for studies of PFAS and Colorectal Cancer 

 
This flow chart was created manually after screening the literature. Records are indicated as literature for which only 
the title and abstract were screened. Reports are indicated as full-text screening of literature. 
 

55 reports were excluded as they did not fit the inclusion criteria: 3 reports looked at effects of polystyrene (PS) 

particles and PFOS on the human colon adenocarcinoma cell, 8 reports looked at enhanced antitumor efficacy in 

colon cancer using nanoparticles loaded with perfluorocarbon (these reports did not look at the association between 
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PFAS and colon cancer), 4 reports were on the analysis in the prostate, lung, colorectal and ovarian cancer 

screening trial (these reports did not include association on PFAS exposure with colorectal cancer even though the 

screening trial included those with colorectal cancers), 6 reports looked at the presence of perfluoroalkyls moieties 

and hyaluronic acid to form nanoparticles and their impact on colon cancer cell lines and only mentioned colon 

cancer but did not identify a clear association, 2 reports looked at associations between PFAS substances and lymph 

nodes in colorectal cancer, 18 reports looked at PFAS and the detection of colorectal liver metastases, 14 reports 

looked at perfluorocarbon or other PFAS such as liposome encapsulated PFAS for ultrasonography, photodynamic 

therapy, chemotherapy, radiotherapy and other treatment without showing association between PFAS and colorectal 

cancer. 

 

 

Results 

Table 1: Summary of studies assessing association of PFAS/PFOS exposure and 
Colorectal Cancer development 

Study Year 
of 

Study 

Study 
Type 

Study Location 
and Population 
(human/animal 

model used) 

Sample 
Size 

Types of 
PFAS 

assessed 

Samples 
Measured (i.e. 
environmental, 

biological) 

Primary Findings 

  
Wimsat
t et al. 
(2016) 

  
2016 

  
Animal 
study 

  
United States, 
APCmin mice 

  
N = 24 
APCmin 
female 
mice 
  
N = 24 
APCmin 
male 
mice 

  
PFOS (dosed 
in drinking 
water) 

  
Gastrointestinal 
tumors counted 
and scored, 
blood PFOS 
levels measured 

  
APCmin male and female mice were 
randomized at 5-6 weeks of age to receive 
different doses of PFOS through their drinking 
water. Female APCmin mice were given 0, 20, 
250 mg PFOS/kg and male APCmin mice were 
given 0, 10, 50 and 200 mg PFOS/kg. At 15 
weeks of age, gastrointestinal tumors were 
counted and scored and blood PFOS levels 
were also measured. Chronic exposure to 
PFOS in drinking water resulted in an inverse 
dose-response effect, resulting in reduced 
formation of gastrointestinal tumors. The 
highest dose groups show the largest effects 
and suggest that PFOS could potentially be a 
new form of treatment for familial colorectal 
cancer. 

  
Wimsat
t et al. 
(2018) 

  
2018 

  
Animal 
study 

  
United States, 
NSG mice 
  

  
N = 45 
NSG 
mice 

  
PFOS (human 
colorectal 
cancer cell 
xenografts 
implanted) 

  
Tumors from 
mice, human 
colorectal tissues 
from patients 
who had not 
previously 
received any 
therapy 

  
Primary patient colorectal cancer cell 
xenografts were implanted into 45 NSG mice 
aged 34-103 days. PFOS reduced tumor size 
in one group of tumors, particularly those 
from the right ascending colon. In two mice, 
by 5 weeks of treatment, PFOS eliminated 
their 52.4 mm3 and 124.6 mm3 masses 
completely, and treatment was sustained for 
10 weeks, however their corresponding 
matched vehicle control mice had tumors that 
grew significantly to 472.7 mm3 and 340.1 
mm3 in size during the same 10-week 
treatment period. In a third xenograft mouse, 
PFOS resulted in tumor growth to be 
significantly blunted although not eliminated 
and this was also the case in the matched 
vehicle control for the same time-period. 

https://www.zotero.org/google-docs/?9Sml4t
https://www.zotero.org/google-docs/?9Sml4t
https://www.zotero.org/google-docs/?9Sml4t
https://www.zotero.org/google-docs/?q9YvOK
https://www.zotero.org/google-docs/?q9YvOK
https://www.zotero.org/google-docs/?q9YvOK
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Ngo et 
al. 
(2014) 

  
2014 

 
Animal 
study 

  
Male and 
female Min/+ 
and wild-type 
mice 

  
Wild 
type 
female 
mice 
with 
n=104 in 
experim
ental 
block 1 
and 
n=100 in 
experim
ental 
block 2 

  
PFAAs (dosed 
in drinking 
water), 
  
PFOA (dosed 
in drinking 
water), 
  
PFOS (dosed 
in drinking 
water) 

  
Blood glucose 
measured 

  
Investigated whether PFOA or PFOS resulted 
in obesogenic effects and increased 
spontaneous intestinal tumorigenesis after in 
utero exposure. Dams were exposed to 
PFOA or PFOS (0.01, 0.1 or 2.0 mg/kg 
bw/day) by po gavage on GD1-17 and Min/+ 
and wild-type offspring terminated at 11 
weeks old for intestinal tumorigenesis 
examination or at week 20 to assess 
obesogenic effect. Food intake assessed at 
weeks 6 and 10, blood glucose measured at 
weeks 6 and 11. Study found indications of 
PFOA toxicity only, with lower survival of 
pups and lower body weight in pups after 
3.0mg/kg PFOA, and increased relative liver 
weight after exposure to 0.01 and 0.1mg/kg 
PFOA. PFOA and PFOS did not increase the 
incidence/number of tumors in the small 
intestine/colon of Min/+ mice and it did not 
affect their location along the intestines. 

  
Rashid 
et al. 
(2020) 

  
2020 

  
Animal 
study 

  
United States, 
CD1 female 
mice 

  
15 
female 
mice 

  
PFOA (dosed 
in drinking 
water) 

  
Blood serum 

  
CD1 mice were dosed with PFOA in drinking 
water with concentrations of 1, 5, 10 or 20 
mg/kg/day for 10 days to evaluate the 
accumulation of PFOA and the induced 
alterations in the expression of epigenetic and 
tight junction genes in the small intestine and 
colon. In the CD1 mice, after 10 days of 
PFOA exposure, the small intestine and colon 
tissues of the female CD1 mice had a 
significant amount of PFOA accumulation 
compared to the control group with no PFOA 
detected. Expression of epigenetic and tight 
junction proteins Claudins (Cldn)m Occludin 
(Ocln), and Tight Junction Protein (Tjp) were 
heavily altered in the small intestine. PFOA 
triggered DNA methylation changes and 
altered the expression of genes that are 
essential to maintain the physical barrier of 
the intestine, with more profound effects in 
the small intestine compared to the colon. 

  
Rashid 
et al. 
(2023) 

  
2023 

  
Animal 
study 

  
United States 
  
Adult CD-1 male 
mice 

  
N = 44 
adult 
male 
mice 

  
PFOS (dosed 
in deionized 
water), GenX 
(dosed in 
deionized 
water) 

  
DNA from 200 
mg gut 
microbiota 
samples of mice 
small intestine 
and colon 
extracted from 
each mouse, liver 
tissue, and liver 
organs harvested 

  
44 adult male mice in this study were grouped 
based on a diet containing either PFOS or 
GenX in three different concentrations as well 
as a vehicle control (control, 5 mg/kg, 10 
mg/kg, and 20 mg/kg for PFOS and control, 
10 mg/kg, 20 mg/kg, and 100 mg/kg for 
GenX) for a two-week period. PFOS exhibited 
a stronger impact on colon microbiota and 
liver metabolome compared to GenX, 
possibly due to the high potency of PFOS. 
PFOS and GenX exposure altered the gut 
microbiota and can potentially disrupt the 
microbial functional pathways as well as the 
liver metabolome. 

https://www.zotero.org/google-docs/?p0mL4D
https://www.zotero.org/google-docs/?p0mL4D
https://www.zotero.org/google-docs/?p0mL4D
https://www.zotero.org/google-docs/?p0mL4D
https://www.zotero.org/google-docs/?p0mL4D
https://www.zotero.org/google-docs/?ZCwk68
https://www.zotero.org/google-docs/?ZCwk68
https://www.zotero.org/google-docs/?ZCwk68
https://www.zotero.org/google-docs/?edHuzb
https://www.zotero.org/google-docs/?edHuzb
https://www.zotero.org/google-docs/?edHuzb
https://www.zotero.org/google-docs/?edHuzb
https://www.zotero.org/google-docs/?edHuzb
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Innes 
et al. 
(2014) 

  
2014 

  
Cross-
section
al 
study 

  
mid-Ohio Valley 
  
Large 
Appalachian 
population 

  
N = 
47,151 
cancer-
free 
adults 
age ≥ 21  
  
N = 208 
cases of 
primary 
colorect
al 
cancer 
adults 
age ≥ 21  

  
PFOA 
(measured in 
serum), 
PFOS 
(measured in 
serum) 

  
Serum levels of 
PFOA, PFOS, 
and a range of 
other blood 
markers 

  
Investigated the association between PFAS 
exposure and colorectal cancer in adults ages 
21 and above with 47,151 cancer-free and 
208 primary colorectal cancer cases. There is 
a strong, inverse association between PFOS 
and likelihood of colorectal cancer diagnosis 
and a more modest inverse association 
between PFOA and colorectal cancer. 
Individuals with serum PFOS levels in the 
highest quartile were about 80% less likely to 
have received a colorectal cancer diagnosis 
and individuals in the highest quartile of 
PFOA were approximately 40% less likely to 
have received a colorectal cancer diagnosis. 

  
Messm
er et al. 
(2022) 

  
2022 

  
Ecologi
cal 
study 

  
Residents of 
Merrimack, New 
Hampshire with 
contaminated 
drinking water 
by PFAS 
compared to 
demographically 
similar 
communities in 
New England 

  
n/a 
  

  
PFHxS 
(measured in 
drinking water), 
PFOA 
(measured in 
drinking water), 
PFOS 
(measured in 
drinking water) 

  
n/a 

  
Investigated the risk of Merrimack, New 
Hampshire residents from PFAS 
contaminated water exposure for 24 types of 
cancers between 2005 and 2014 as well as 
their risk of all-cause cancers experienced, 
compared to the U.S. national cancer rates 
and cancer rates in 4 demographically similar 
towns in New England. Merrimack residents 
were exposed to 140 parts per trillion (ppt). 
Merrimack residents had a significantly higher 
risk of thyroid cancer and prostate cancer and 
when compared to pooled data from 
demographically similar New England towns 
with documented exposure to PFAS in 
drinking water supplies and had significantly 
higher risks of colon cancer. 

  
Li et al. 
(2022) 

 
2022 

  
Cohort 
study 

  
Ronneby, 
Sweden, 

  
N = 
60,507 
individu
als from 
the 
Ronneb
y 
Register 
Cohort 

  
PFAS 
(measured in 
drinking water), 
PFHxS 
(measured in 
drinking water), 
PFOS 
(measured in 
drinking water), 
PFPeA 
(measured in 
drinking water), 
PFHxA 
(measured in 
drinking water), 
PFHpA 
(measured in 
drinking water), 
PFOA 
(measured in 
drinking water), 
PFBS 
(measured in 
drinking water), 
PFHpS 
(measured in 
drinking water) 

  
Water samples, 
serum PFAS 
levels 

  
Investigated PFAS exposure in Ronneby 
households exposed to PFAS in drinking 
water between 1985 and 2013. PFAS 
exposure was extremely high, particularly by 
PFOS and PFHxS and to a lesser degree by 
PFOA. In a subset of approximately 3,300 
Ronneby residents, serum PFHxS level in the 
Ronneby population was on average more 
than 100 times higher than the general 
population of Sweden and approximately 30 
times higher than the C8 study findings. 
PFOS, on average the residents of Ronneby 
were approximately 35 times higher than the 
general population of Sweden and 7 times 
higher than the C8 study findings. There was 
a moderately increased risk of kidney cancer 
and a moderately increased standardized 
cancer incidence ratios for rectum cancer 
among those in Ronneby. 

https://www.zotero.org/google-docs/?adpHBE
https://www.zotero.org/google-docs/?adpHBE
https://www.zotero.org/google-docs/?adpHBE
https://www.zotero.org/google-docs/?x0M3MG
https://www.zotero.org/google-docs/?x0M3MG
https://www.zotero.org/google-docs/?x0M3MG
https://www.zotero.org/google-docs/?x0M3MG
https://www.zotero.org/google-docs/?x0M3MG
https://www.zotero.org/google-docs/?ecyoLk
https://www.zotero.org/google-docs/?ecyoLk
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Miao et 
al. 
(2015) 

  
2015 

  
Labora
tory-
based 
experi
mental 
study 

  
n/a 

  
n/a 

  
PFOA (dosed 
in cells) 

  
Human colorectal 
cancer cells 
DLD-1 purchased 
from the 
American Type 
Culture 
Collection 

  
Collected human colorectal cancer cells DLD-
1 that were purchased from the American 
Type Culture Collection and seeded the cells 
into a 96-well plate with serum-free medium, 
2,000 cells per well, and 24 hours later, the 
cells were treated with different doses of 
PFOA. After the cells were exposed to PFOA, 
trans-well filter assays were used and the 
assays indicated that PFOA treatment can 
stimulate DLD-1 colorectal cancer cell 
invasion significantly. PFOA could induce 
colorectal cancer cell DLD-1 invasive ability 
and MMP-2/-9 over-expression particularly 
through NF-κB activation. 

  
Zhang 
et al. 
(2023) 

  
2023 

  
Experi
mental 
animal 
model 
study 

  
n/a 

  
n/a 

  
PFOA (dosed 
in human 
colorectal 
cancer (DLD-1) 
cells) 

  
n/a 

  
A total of 20 targeted metabolites related to 
metabolism of glucose, glutamine and fatty 
acids in PFOA-treated human colorectal 
cancer (DLD-1) cells were analyzed using C 
metabolic flux analysis (MFA). PFOA-treated 
DLD-1 cells showed significant changes in 
glucose consumption and decreased glucose 
flux into the tricarboxylic acid (TCA) cycle and 
biosynthesis of fatty acids. Metabolic 
remodeling could occur in intestinal cells that 
are exposed to PFOA and this was most 
likely because of PFOA toxicity relevant with 
the loss of glucose in biomass synthesis and 
energy metabolism. 

 

This table includes 10 studies identified through the very specific and stringent inclusion and exclusion 

criteria. The studies in this table were organized by study type. 

 

Types of PFAS measured in Table 1 abbreviated and listed out here: Per- and polyfluoroalkyl substances 

(PFAS), perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA), perfluoroalkyl acids 

(PFAAs), Hexafluoropropylene Oxide (HFPO) Dimer Acid and its Ammonium Salt (GenX), 

Perfluorohexane sulfonate (PFHxS), Perfluoropentanoic Acid (PFPeA), Perfluorohexanoic Acid (PFHxA), 

Perfluoroheptanoic Acid (PFHpA), Perfluorobutane sulfonic acid (PFBS), Perfluoroheptane sulfonic acid 

(PFHpS) 

 

 

 

 

 

 

https://www.zotero.org/google-docs/?BgJESf
https://www.zotero.org/google-docs/?BgJESf
https://www.zotero.org/google-docs/?BgJESf
https://www.zotero.org/google-docs/?Mu1TJF
https://www.zotero.org/google-docs/?Mu1TJF
https://www.zotero.org/google-docs/?Mu1TJF
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Table 2: Other relevant literature assessing association of PFAS/PFOS exposure and 

Colorectal Cancer development  

Study Year 
of 

Study 

Study 
Type 

Study Location 
and Population 
(human/animal 

model used) 

Sample 
Size 

Types of 
PFAS 

assessed 

Samples 
Measured (i.e. 
environmental, 

biological) 
  

Primary Findings 
 

  
Olén et 
al. 
(2020) 
  

  
2020 

  
Cohort 
study 

  
Denmark and 
Sweden, 
Patients with 
ulcerative colitis 
(UC in Denmark 
and Sweden 
(total cohort N = 
96,447) 

  
N = 
32,919 
UC in 
Denmar
k 
  
N = 
63,528 
UC in 
Sweden 

  
n/a 

  
n/a 

  
Investigated the risk of individuals with 
ulcerative colitis (UC) developing colorectal 
cancer. There were 1336 incidences of 
colorectal cancers observed in the UC cohort 
and 9,544 incidences of colorectal cancers in 
the reference individuals. 639 patients died 
from colorectal cancer in the UC cohort, 
compared to 4,451 in the reference 
individuals. Individuals with UC are at an 
increased risk of developing colorectal 
cancer, often diagnosed with less advanced 
colorectal cancer and are at an increased risk 
of dying from colorectal cancer compared to 
individuals without UC. 
 
 

  
Kunovs
zki et 
al. 
(2020) 

  
2020 

  
Popula
tion-
based 
study 

  
Hungary, All 
adult patients 
who 
experienced at 
least two events 
in outpatient 
care or at least 
two medication 
prescriptions, or 
at least one 
inpatient event 
with ulcerative 
colitis (UC) 
diagnosis 
 
 

  
N = 
36,315 
patients 
suffered 
from UC 
between 
2010 
and 
2016 

  
n/a 

  
n/a 

  
Investigated the epidemiology and mortality of 
the Hungarian ulcerative colitis (UC) 
population between 2010 and 2016. 8.5% 
individuals diagnosed with colorectal cancer 
in the incident patient subpopulation. 33% of 
the patients with colorectal cancer died during 
the study of which 25% are attributed to 
colorectal cancer. Survival of UC patients 
who suffer from colorectal cancer than that of 
the general population is worse. 

  
Xu et 
al. 
(2020) 

  
2020 

  
Registr
y study 

  
Ronneby and 
Karlshamn 
municipalities of 
Sweden, 

  
N = 189 

  
PFOS 
(measured in 
fecal 
biomarkers), 
PFHxS 
(measured in 
fecal 
biomarkers), 
PFAS 
(measured in 
fecal 
biomarkers), 
PFOA 
(measured in 
fecal 
biomarkers) 

  
Serum PFAS, 
fecal biomarkers 
(fecal calprotectin 
and zonulin) 

  
Investigated the association between PFAS 
and inflammatory bowel disease (IBD) in the 
Ronneby cohort which has a high PFAS 
exposure from Aqueous Film-Forming Foam 
(fire-fighting foam) through drinking water. 
Association of PFAS exposure with fecal 
calprotectin and zonulin which are biomarkers 
of gut inflammation and permeability were 
explored in a subset of n=189 participants 
from Ronneby and a nearby control 
municipality, Karlshamn. Sufficient evidence 
was not found to support linkage between 
PFAS exposure from drinking water as a risk 
factor for the development of IBD. 
  
 
 
 

https://www.zotero.org/google-docs/?RoQcv8
https://www.zotero.org/google-docs/?RoQcv8
https://www.zotero.org/google-docs/?RoQcv8
https://www.zotero.org/google-docs/?iBr0Vq
https://www.zotero.org/google-docs/?iBr0Vq
https://www.zotero.org/google-docs/?iBr0Vq
https://www.zotero.org/google-docs/?iBr0Vq
https://www.zotero.org/google-docs/?6x7K6g
https://www.zotero.org/google-docs/?6x7K6g
https://www.zotero.org/google-docs/?6x7K6g
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Fart et 
al. 
(2021) 

  
2021 

  
Case-
control 
study 

  
Sweden, 
Inflammatory 
bowel disease 
(IBD) patients 
from previously 
described 
cohort and 
patients with 
Crohn’s disease 
(CD) or 
Ulcerative colitis 
(UC) recruited 
at the outpatient 
IBD clinic of 
Örebro 
University 
Hospital 
  

  
N = 20 
patients 
diagnos
ed with 
ulcerativ
e colitis 
age ≥55,  
N = 20 
patients 
diagnos
ed with 
Crohn’s 
disease 
age ≥55, 
N = 20 
age and 
sex-
matched 
blood 
donors 
as 
healthy 
controls 

  
PFAS 
(measured in 
serum), 
PFOS 
(measured in 
serum), 
PFOA (dosed 
in ileal and 
colonic murine 
tissue) 

  
Serum 
concentrations of 
PFAS and bile 
acids (BAs), 
blood samples 

  
Investigated the association between 
exposure to high levels of PFAS with 1) late-
onset IBD and 2) disturbances of the bile acid 
pool with a study sample size of 60 
individuals with ulcerative colitis, Crohn’s 
disease, and age and sex matched blood 
donor healthy controls. Also conducted ex 
vivo Ussing chamber experiments assessing 
the effect of PFOA on ileal and colonic murine 
tissue n=9 which found that exposure to 
PFOA resulted in increased ileal and colonic 
permeability as well as an enhanced colonic 
secretory response carbachol. The total 
amount of PFAS substances was significantly 
increased among patients with ulcerative 
colitis when compared to those patients with 
Crohn’s disease and healthy controls. PFAS 
substances levels were higher among 
patients with late-onset ulcerative colitis 
 
 
 
 
 

  
Steenl
and & 
Winqui
st 
(2021) 

  
2020 

  
Scopin
g 
Review 

  
n/a 

  
n/a 
  

  
n/a (this is a 
review that 
examines 
studies 
assessing 
different PFAS) 
  

  
n/a 

  
Analyzed 28 studies as part of this scoping 
review. Included one cross-sectional study 
that evaluated the prevalence of colorectal 
cancer in a high exposure setting of PFOA 
serum concentrations. The particular study 
showed little additional information due to its 
cross-sectional design and potential reverse-
causation for PFOA exposure and 
development of colorectal cancer. Overall 
findings of the review were that the several 
epidemiologic studies that investigated the 
association between PFAS and cancer, were 
informative but not conclusive in finding an 
association. 

  
Rosenf
eld et 
al. 
(2023) 

  
2023 

  
Review 
of 
studies 
about 
firefight
ers and 
their 
exposu
re to 
PFASs 

  
Firefighters 

  
n/a 

  
n/a (this is a 
review that 
examines 
studies 
assessing 
different PFAS) 
  

  
n/a 

  
Summarized the history of firefighters’ 
occupational exposure particularly to aqueous 
film-forming foam (AFFF) as a source of 
PFAS exposure. Determined that firefighters 
are exposed to PFAS from AFFF and 
contaminated turnout gear through dermal 
exposure, ingestion and inhalation of AFFF 
and turnout gear textiles, ingestion of 
contaminated food and water, smoke 
inhalation and dust ingestion. International, 
national and state agencies concluded that 
PFOA is a long-chain PFAS that is potentially 
carcinogenic and firefighters also have 
elevated levels of long-chain PFAS in their 
serum. Firefighters have an increased cancer 
risk for thyroid, kidney, bladder, testicular, 
prostate, and colon cancer. 
 

https://www.zotero.org/google-docs/?1VUIjN
https://www.zotero.org/google-docs/?1VUIjN
https://www.zotero.org/google-docs/?1VUIjN
https://www.zotero.org/google-docs/?c4GmJB
https://www.zotero.org/google-docs/?c4GmJB
https://www.zotero.org/google-docs/?c4GmJB
https://www.zotero.org/google-docs/?c4GmJB
https://www.zotero.org/google-docs/?c4GmJB
https://www.zotero.org/google-docs/?1zf0wN
https://www.zotero.org/google-docs/?1zf0wN
https://www.zotero.org/google-docs/?1zf0wN
https://www.zotero.org/google-docs/?1zf0wN
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Li et 
al., 
(2022) 

  
2022 

  
Review 
of 
current 
relation
ships 
betwee
n 
PFAS 
exposu
re and 
damag
e to the 
intestin
al 
barrier 

  
n/a 

  
n/a 

  
n/a (this is a 
review that 
examines 
studies 
assessing 
different PFAS) 
  

  
n/a 

  
Investigated current relationships between 
PFAS exposure and damage to the intestinal 
barrier. PFAS entering the gastrointestinal 
tract (GI tract) can disrupt the intestinal 
barrier system by causing inflammation in the 
gut, destruction of the gut epithelium and tight 
junction structure, reduction of the mucus 
layer, and induction of the toxicity of immune 
cells. PFAS accumulation induces microbial 
disorders and metabolic products changes. 
Intestinal barrier defects are associated with a 
broad range of diseases, such as 
gastrointestinal diseases (like celiac disease), 
inflammatory bowel disease, irritable bowel 
syndrome, and colon carcinoma among, and 
other extra-intestinal disorders. There are 
some PFAS alternatives with specific 
intestinal toxicity in animal studies. 
  

  
Durha
m et al. 
(2023) 

  
2023 

  
Review 

  
n/a 

  
n/a 

  
PFAS, PFOS 

  
n/a 

  
Investigated current population and preclinical 
studies on PFOS exposure and GI 
inflammation, metabolism, immune 
responses, and carcinogenesis. There is a 
link between long-term PFOS exposure, lipid 
metabolism dysregulation, inflammation, 
microbiome dysfunction and the etiology of 
colorectal cancer. Evidence for an association 
between PFOS and GI cancer remains 
sparse. Healthy dietary interventions such as 
diets high in fiber can help reduce or prevent 
PFOS-mediated disease risks. 
  

  

This table includes 8 studies identified through the search and includes relevant literature including 

reviews and articles assessing PFAS/PFOS exposure with other cancers, as well as the association 

between PFAS and risk factors for colorectal cancer. 

 

 

As part of this review, 18 studies were included in Table 1 and Table 2 that were identified using 

the search strategy in Figure 1. A total of 10 of the studies met the study search criteria 

assessing the association between PFAS/PFOS and colorectal cancer and as a result, were 

included in Table 1. Table 1 includes, 5 animal studies, 2 studies assessing colorectal cancer 

cell lines and metabolism, and 3 epidemiological studies consisting of: 1 cohort study, 1 cross-

https://www.zotero.org/google-docs/?W61fX0
https://www.zotero.org/google-docs/?W61fX0
https://www.zotero.org/google-docs/?W61fX0
https://www.zotero.org/google-docs/?GWLQ80
https://www.zotero.org/google-docs/?GWLQ80
https://www.zotero.org/google-docs/?GWLQ80
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sectional study and 1 ecological study. A total of 8 of the studies were included in Table 2 as 

they included relevant information assessing PFAS/PFOS exposure and the association with 

other cancers, as well as with the association of risk factors for colorectal cancer such as 

ulcerative colitis, Crohn’s disease and inflammatory bowel diseases (IBD).  

 

Animal studies assessing the association between PFAS/PFOS and colorectal cancer 

The 5 animal studies included are all mouse studies that assessed the relationship 

between PFAS/PFOS exposure and colorectal cancer. Of the 5 studies, 3 studies assessed the 

role of PFOS/PFOA on the small intestine and colon and 2 studies found that there is an inverse 

relationship between PFOS exposure and colorectal cancer. The study Rashid et al. (2020), 

evaluated the accumulation of PFOA and the induced alterations in the expression of epigenetic 

and tight junction genes in the small intestine and colon in CD1 mice. Although there was strong 

evidence of PFOA induced epigenetic effects in colon tissue, the study found that the 

expression of epigenetic and tight junction proteins Claudins (Cldn)m Occludin (Ocln), and Tight 

Junction Protein (Tjp) were heavily altered in the small intestine. PFOA triggers DNA 

methylation changes and alters the expression of genes that are essential to maintain the 

physical barrier of the intestine, with more profound effects in the small intestine compared to 

the colon. More importantly, the study assessment after 10 days of PFOA exposure, showed 

that the small intestine and colon tissues of the female CD1 mice were shown to have a 

significant amount of PFOA accumulation compared to the control group with no PFOA 

detected. This is further supported in the study Rashid et al. (2023) which assessed the impact 

of PFOS and GenX exposure in gut microbiota. A total of 44 adult male mice were included in 

this study and assessed in three different concentrations with their vehicle controls. The study 

found that both PFOS and GenX exposure resulted in alterations of the gut microbiota and 

potentially disrupted the microbial functional pathways as well as the liver metabolome. The 
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study concluded that PFOS exhibited a stronger impact on colon microbiota and liver 

metabolome compared to GenX, possibly due to the high potency of PFOS. While these two 

animal studies assessed alterations caused by exposure to either PFOA or PFOS including 

GenX, the study Rashid et al. (2020) highlights more profound effects of PFOA in the small 

intestine compared to the colon and the study Rashid et al. (2023), highlights stronger 

alterations caused in the gut microbiota and liver metabolome by PFOS than GenX exposure. In 

contrast to these two studies, the study Ngo et al. (2014) investigated whether PFOA or PFOS 

resulted in obesogenic effects as well as if they resulted in the increase in spontaneous 

intestinal tumorigenesis in the mouse model after in utero exposure. The study found that PFOA 

or PFOS did not increase the incidence or number of tumors in the small intestine or colon of 

the Min/+ mice and it did not affect their location along the intestines.  

The remaining 2 animal studies assessed the relationship between PFOS exposure and 

colorectal cancer. The study Wimsatt et al. (2016) randomized APCmin male and female mice at 

5-6 weeks of age to receive different doses of PFOS through their drinking water. 

Gastrointestinal tumors were counted and scored, and blood PFOS levels were measured to 

investigate the effect of PFOS exposure. The study found that chronic exposure to PFOS in 

drinking water has an inverse dose-response effect, resulting in reduced formation of 

gastrointestinal tumors. These reductions were found to be both significant and dose-dependent 

with the highest dose groups showing the largest effects. The study concluded that this inverse 

dose-response effect could suggest that PFOS could potentially be a new form of treatment for 

familial colorectal cancer. The Wimsatt et al. (2018) study was conducted using primary patient 

colorectal cancer cell xenografts into NSG mice with goals to 1) assess potential factors 

supporting the successful use of colorectal cancer cells from heterogeneous tumors for PDX 

studies and 2) evaluate PFOS as a therapy in tumor matched pairs of mice randomized to 

receive PFOS or vehicle. In two mice, by 5 weeks of treatment, PFOS eliminated their 52.4 mm3 
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and 124.6 mm3 masses completely. These observations led to the findings that PFOS reduces 

tumor size in one group of tumors, particularly tumors located in the right ascending colon, 

suggesting that PFOS may be utilized in the treatment of colorectal cancer and may potentially 

offer a new treatment modality. 

The 5 mouse studies indicate inconsistent relationships between PFOS/PFOA exposure 

and colorectal cancer. The 3 studies, Rashid et al. (2020), Rashid et al. (2023) and Ngo et al. 

(2014) show distinct results of the impact of PFOS/PFOA exposure on the small intestine and 

colon such as more profound effects of PFOA in the small intestine compared to the colon, 

stronger alterations in the gut microbiota and liver metabolome by PFOS than GenX, and results 

that indicate no increase in the number of tumors in the small intestine or colon, suggesting a 

negative association. On the contrary, the 2 studies, Wimsatt et al. (2016) and Wimsatt et al. 

(2018) suggest that PFOS can potentially be utilized as treatment for colorectal cancer and may 

offer a new treatment modality. In conclusion, these 5 mouse studies show inconsistent 

association between PFOS/PFOA and colorectal cancer, with 2 studies showing a moderate 

association, 1 study showing a negative association and 2 studies suggesting an inverse 

association. 

 

Epidemiological studies assessing the association between PFAS/PFOS and colorectal cancer 

The three epidemiological studies that assess the association between PFAS/PFOS and 

colorectal cancer are Innes et al. (2014), Messmer et al. (2022), and Li et al. (2022). The study 

by Innes et al. (2014) is cross-sectional study and conducted on a large Appalachian population 

of 47,151 cancer-free adults ages 21 and older and 208 cases of primary colorectal cancer in 

adults ages 21 and older in the mid-Ohio valley. The study assessed serum levels of PFOA, 

PFOS, and a range of other blood markers and after adjusting for multiple potential 

confounders, found that individuals who had serum PFOS levels in the highest quartile were 



 

22 

approximately 80% less likely to have received a colorectal cancer diagnosis and individuals in 

the highest quartile of PFOA were approximately 40% less likely to have received a colorectal 

cancer diagnosis. The study concluded that there was a strong inverse association between 

PFOS and individuals with a colorectal cancer diagnosis and a more modest inverse association 

between exposure to PFOA and colorectal cancer.  

Another epidemiological study, Messmer et al. (2022), is an ecological study that 

assessed residents of Merrimack, New Hampshire who had at least 65 square miles of drinking 

water contaminated by PFAS from a plastic coating plant in the area. This study compared the 

risks of the residents of Merrimack, New Hampshire with demographically similar towns in New 

England between 2005 and 2014, assessing 24 types of cancers identified from a previous 

study, as well as the risk of all-cause cancers experienced and compared it to both the U.S. 

national cancer rates and cancer rates in 4 demographically similar towns in New England. The 

exposure of PFOA in drinking water in Merrimack, New Hampshire was 140 parts per trillion 

(ppt). Comparator drinking water PFOA exposure for South Portland, ME Water District was 2 

ppt, Bennington, VT was between 40 to 2880 ppt and the districts Auburn, ME Water district, 

Sanford, ME Water District and Colchester, VT did not detect any levels of PFOA in their 

drinking water. Merrimack residents were found to have a 14% risk of all-cause cancers, a 

significant 49% higher risk of colon cancer and 45% higher risk of prostate cancer when 

compared to the demographically similar community, Colchester. Additionally, another 

demographically similar town, Bennington was also found to have a 14% increased risk for all-

cancers, 100% increased risk for bladder cancer, a 31% increased risk for colon cancer and a 

37% reduced risk for prostate cancer when compared to the U.S. average. In comparison to 

similarly exposed New England communities, Merrimack residents were found to experience 

significantly higher risk of thyroid cancer and prostate cancer, and to experience significantly 

higher risks of colon cancer when compared to pooled data from demographically similar New 
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England towns that have documented exposure to PFAS in drinking water supplies. While, the 

residents of Merrimack were found to be at significantly higher risks of colon cancer when 

compared to pooled data of similar towns, overall the residents experienced a significantly 

higher risk of at least 4 types of cancer over ten years (thyroid, bladder, esophageal and 

mesothelioma) when compared to national averages. 

The Li et al. (2022) study is a cohort study that was conducted in Ronneby, Sweden on a 

large cohort population of 60,507 individuals from the Ronneby Register Cohort who lived there 

between 1985 and 2013. PFAS exposure in the Ronneby municipality was found to be 

extremely high, particularly dominated by PFOS and PFHxS and to a lesser degree by PFOA. It 

was found that in a subset of approximately 3,300 Ronneby residents who participated in a 

biomonitoring study, serum PFHxS level in the Ronneby population was on average more than 

100 times higher than the general population of Sweden and approximately 30 times higher 

than the findings in the C8 study. For PFOS, on average the residents of Ronneby were 

approximately 35 times higher than the general population of Sweden and 7 times higher than 

the findings in the C8 study. Of the Ronneby Register Cohort of 60,507, 5,702 individuals with 

cancer were identified to assess their risks associated with contaminated water. The study 

found a moderate increased risk of kidney cancer, and showed moderately increased 

standardized cancer incidence ratios for rectum cancer among those who resided in Ronneby at 

an address that was supplied with highly contaminated waterworks at any time between 1985 

and 2013 for both men and women. However, internal estimates for colon cancer were below or 

at unity in those who resided in Ronneby at an address that was supplied with highly 

contaminated waterworks at any time between 1985 and 2013. Overall analysis of this large 

cohort exposed to high levels of PFAS showed no evidence for an overall increased risk for 

cancer resulting from PFAS exposure. 
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 The three epidemiological studies were all conducted on large populations but show 

inconsistent results when the association between PFAS exposure and colorectal cancer are 

assessed. The study Innes et al. (2014) shows an inverse association between PFOS/PFOA 

and colorectal cancer, while the Messmer et al. (2022) study shows Merrimack residents to be 

at significantly higher risks of colon cancer when compared to pooled data of similar towns in, 

and the Li et al. (2022) indicates estimates of colon cancer for Ronneby residents to be below or 

at unity, suggesting no association.  

 

Studies assessing the association between PFAS/PFOS and colorectal cancer cell lines and 

metabolism 

The 2 studies by Miao et al. (2015) and Zhang et al. (2023) both assess the association 

between PFOA and human colorectal cancer (DLD-1) cells. Miao et al. (2015) is a laboratory-

based experimental study that used human immortalized colorectal cancer cells DLD-1 that 

were purchased from the American Type Culture Collection and seeded into a 96-well plate with 

serum-free medium, 2,000 cells per well. After 24 hours, the cells were treated with different 

doses of PFOA and after the cells were exposed, trans-well filter assays were used to assess 

cell migration. The results of the assays indicated that PFOA treatment can stimulate DLD-1 

colorectal cancer cell invasion significantly. The Zhang et al. (2023) study is an experimental 

animal model study that investigates, a total of 20 targeted metabolites related to metabolism of 

glucose, glutamine and fatty acids in PFOA-treated human colorectal cancer (DLD-1) cells and 

analyzes them using C metabolic flux analysis (MFA). The results of the 20 metabolites 

indicated that PFOA-treated DLD-1 cells showed significant changes in glucose consumption 

and decreased glucose flux into the tricarboxylic acid (TCA) cycle and biosynthesis of fatty 

acids. This suggests that metabolic remodeling could occur in intestinal cells that are exposed 

to PFOA and this was most likely because of PFOA toxicity relevant with the loss of glucose in 
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biomass synthesis and energy metabolism. These two studies show a pattern in the findings 

associated with PFOA exposure and cell lines, particularly assessing the impacts on human 

colorectal cancer (DLD-1) cells and intestinal cells. The Miao et al. (2015) study suggests that 

PFOA exposure can potentially stimulate DLD-1 cell invasion, and the Zhang et al. (2023) study 

indicates that PFOA exposure can result in metabolic remodeling in intestinal cells.  

 

Other relevant literature 

The 4 studies Olén et al. (2020), Kunovszki et al. (2020), Xu et al. (2020), and Fart et al. 

(2021) discuss common causes of colorectal cancer and assess the role of different factors 

such as exposure to PFAS/PFOS as well as other diseases such as inflammatory bowel 

disease (IBD), Crohn’s disease, ulcerative colitis and inflammation. The study Fart et al. (2021) 

is a case-control study that investigated the association between exposure to high levels of 

PFAS with 1) late-onset IBD and 2) disturbances of the bile acid pool. The study found that the 

total amount of PFAS substances was significantly increased among patients with ulcerative 

colitis when compared to those patients with Crohn’s disease and healthy controls, and found 

that PFAS substance levels were higher among patients with late-onset ulcerative colitis and 

may contribute further to the disease by inducing a dysfunctional intestinal barrier. The Olén et 

al. (2020) cohort study during the follow-up period, observed that 639 of the 1336 incidences 

died from colorectal cancer in the ulcerative colitis (UC) cohort and that 4,451 of the 9,544 

incidences died of colorectal cancers in the reference individuals. The study found that 

compared to individuals without UC, individuals with UC are at an increased risk of developing 

colorectal cancer, are often diagnosed with less advanced colorectal cancer and are at an 

increased risk of dying from colorectal cancer. The relationship between ulcerative colitis and 

colorectal cancer is also supported in the Kunovszki et al. (2020) study which is a population-

based study that assessed the epidemiology and mortality of the Hungarian UC population 
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between 2010 and 2016. The study found that colorectal cancer was the most common cancer 

and 8.5% of the ulcerative colitis incident subpopulation was diagnosed with colorectal cancer. 

The study found that there is significantly worse survival of UC patients who suffer from 

colorectal cancer than that of the general population. The study, Xu et al. (2020) on the other 

hand, investigated the association between PFAS and inflammatory bowel disease (IBD) in the 

Ronneby cohort which has a high PFAS exposure from Aqueous Film-Forming Foam (fire-

fighting foam) through drinking water. The study explored association of PFAS exposure with 

fecal calprotectin and zonulin which are biomarkers of gut inflammation and permeability in a 

subset of 189 participants from Ronneby and a nearby control municipality, Karlshamn. Using 

serum PFAS measures and fecal biomarkers, the study did not find sufficient evidence to 

support PFAS exposure from drinking water as a risk factor for the development of IBD. 

Findings from the 4 studies show distinct study findings on the relationship between 

PFAS and ulcerative colitis and the relationship between ulcerative colitis and colorectal cancer. 

The 2 studies Olén et al. (2020) and Kunovszki et al. (2020) assess the relationship between 

ulcerative colitis and colorectal cancer and have found that patients with ulcerative colitis are at 

a greater risk of being diagnosed with and dying from colorectal cancer. The Fart et al. (2021) 

study showed that PFAS substance levels were higher among patients with late-onset ulcerative 

colitis and may contribute further to the disease by inducing a dysfunctional intestinal barrier. 

The study Xu et al. (2020) on the other hand, found that there isn’t sufficient evidence to support 

that PFAS exposure from drinking water is associated with the development of IBD. 

As part of the search strategy, Table 2 consists of 8 relevant literature that, while did not 

fit the strict inclusion criteria, were relevant to assess the association between PFAS/PFOS 

exposure and colorectal cancer. Table 2 includes 4 reviews assessing existing literature on the 

effects of PFAS/PFOS exposure and 4 epidemiological studies consisting of 1 registry study, 1 

case-control study, 1 cohort study, and 1 population-based study. Of the 4 reviews, the scoping 
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review by Steenland and Winquist (2020) assessed 28 studies looking at PFAS/PFOS exposure 

and its association with different types of cancer and included one particular study on the 

prevalence of colorectal cancer which showed a reverse-causation for PFOA exposure and 

colorectal cancer development. This review concluded that the findings of studies included, 

provide informative but not entirely conclusive findings on the association between PFAS and 

cancer.  

Some groups of people are particularly more at risk to being exposed to PFAS/PFOS 

due to occupational exposures, such as firefighters. Rosenfeld et al. (2023) is a review that 

summarizes the history of firefighters’ occupational exposure particularly to aqueous film-

forming foam (AFFF) as a source of PFAS exposure. Exposure of PFAS from AFFF can be from 

contaminated turnout gear through dermal exposure, ingestion and inhalation of AFFF and 

turnout gear textiles, ingestion of contaminated food and water, smoke inhalation and dust 

ingestion. This review concludes from the findings of international, national and state agencies 

that PFOA, a long-chain PFAS, is potentially carcinogenic and firefighters have elevated levels 

of long-chain PFAS in their serum. Studies included in this review provide a robust analysis, 

indicating that firefighters have an increased cancer risk for thyroid, kidney, bladder, testicular, 

prostate, and colon cancer. 

Two reviews particularly assessed the impact of PFAS/PFOS exposure on colorectal 

cancer risk factors. Li et al. (2022) found that PFAS entering the gastrointestinal tract (GI tract) 

can result in disruption of the intestinal barrier system by causing inflammation in the gut, 

destruction of the gut epithelium and tight junction structure, reduction of the mucus layer, and 

induction of the toxicity of immune cells. Additionally, this review identified that there are some 

PFAS alternatives which showed specific intestinal toxicity in animal studies. PFAS 

accumulation was also found to induce microbial disorders and metabolic product changes and 

intestinal barrier defects were found to be associated with a broad range of diseases, such as 
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gastrointestinal diseases (like celiac disease), inflammatory bowel disease, irritable bowel 

syndrome, and colon carcinoma among other extra-intestinal disorders. The Durham et al. 

(2023) review analyzed existing literature examining the association of PFOS exposure and GI 

inflammation, metabolism, immune responses, and carcinogenesis. The findings from this 

review suggested that while there is a link between long-term PFOS exposure, lipid metabolism 

dysregulation, inflammation, microbiome dysfunction and the etiology of colorectal cancer, 

healthy dietary interventions such as diets high in fiber can help reduce or prevent PFOS-

mediated disease risks. The findings of this review however, show that evidence for an 

association between PFOS and GI cancer remains sparse.  

 

Discussion 

In the current research landscape on PFAS, particularly PFOA and PFOS the International 

Agency for Research on Cancer (IARC), the Agency for Toxic Substances and Disease Registry 

(ATSDR), and the EPA show exposure linked with multiple cancers and other adverse health 

effects (National Academies of Sciences, Engineering, and Medicine, 2022). In this review, the 

following question was investigated: based on the current existing literature, is there an 

association between PFAS/PFOS exposure and colorectal cancer? Of the 18 published 

literature examined as part of this review, there isn’t sufficient evidence to establish a 

relationship between PFAS/PFOS exposure and colorectal cancer. 

 

PFAS/PFOS and Colorectal Cancer 

Of the 18 included studies, 10 studies are included in Table 1, looking at the association 

of exposure to PFAS/PFOS and colorectal cancer. There are 5 animal studies, 2 studies 

assessing cell lines and metabolism and 3 epidemiological studies with distinct findings on the 

https://www.zotero.org/google-docs/?IMoYGc
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association between PFAS/PFOS exposure and colorectal cancer. The study Ngo et al. (2014) 

suggests that exposure to PFOA or PFOS does not increase the incidence or number of tumors 

in the small intestine or colon whereas the study Rashid et al. (2020) shows contrasting 

observations that PFOA accumulation occurs in the small intestine and colon and is associated 

with alterations in the expression of epigenetic and tight junction genes. This observation 

suggests that there could be potential molecular disruptions that could contribute to the onset of 

colorectal cancer development. Additionally, the study Rashid et al. (2023) assesses the impact 

of PFOS and GenX on gut microbiota and liver metabolome, finding that PFOS indicates a 

significantly stronger influence. This suggests that there is a complex relationship between 

exposure to PFAS and microbiota dynamics with the risk of colorectal cancer development. On 

the contrary, the 2 studies Wimsatt et al. (2016) and Wimsatt et al. (2018) introduce a new 

dimension of PFAS/PFOS exposure effects, suggesting that PFOS exposure may result in 

reduced formation of gastrointestinal tumors, reduction of tumor sizes and may also offer a new 

avenue to potentially be utilized as treatment for colorectal cancer. The overall evidence 

presented in the 5 animal studies underscores the multifaceted and intricate effects of 

PFOS/PFOA exposure on overall colorectal health and shows inconsistent findings with 1 study 

pointing towards a negative association with PFOS/PFOA exposure not increasing the 

incidence of tumors, 2 studies suggesting the possibility of PFAS resulting in molecular 

disruptions and microbiota dynamics, and 2 studies that look at an inverse association between 

PFAS exposure and reduction of gastrointestinal tumors, suggesting exploration of PFOS as a 

new therapeutic agent to treat colorectal cancer.  

 Taking a look at the 3 epidemiological studies assessing PFAS/PFOS exposure and 

colorectal cancer in different populations, the studies show distinct findings. The Messmer et al. 

(2022) study conducted in Merrimack, New Hampshire where the public water supply was 

contaminated by PFAS, found significantly elevated risks for colon cancer among residents 
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compared to demographically similar towns in New England. However, this study also 

highlighted the complexity of PFAS exposure as it showed both an increased risk and a 

decreased risk for various other cancers in residents of Merrimack, New Hampshire compared 

to national averages as well as when compared to demographically similar exposed 

communities in New England. The findings of this study warrant further research to assess 

PFAS exposure and different cancer types, particularly colorectal cancer. Another study 

assessing the impacts of drinking water contaminated by PFAS exposure Li et al. (2022) 

revealed a moderate increase in the risk of kidney cancer but found estimates for colon cancer 

to be below or at unity, indicating no clear association for colon cancer and PFAS exposure. 

Analysis of the overall cohort, found that there isn’t sufficient evidence showing that PFAS 

exposure results in an increased risk of overall cancer, suggesting that further research is 

needed for a comprehensive understanding of the various impacts of PFAS and different 

cancers. In contrast to the findings of the two epidemiological studies, the study Innes et al. 

(2014), a cross-sectional study conducted on a large Appalachian population revealed a strong 

inverse association between PFOS and colorectal cancer. This study contradicts some of the 

associations observed in previous studies, thus highlighting and suggesting a multifaceted and 

distinct relationship between PFAS exposure and colorectal cancer dependent on different 

contexts. 

 These 10 studies reveal contradicting associations between PFAS/PFOS exposure and 

colorectal cancer. Even within the animal studies, study findings vary with 1 study showing a 

negative association with PFOS/PFOA exposure and incidence of tumors, 2 studies suggesting 

the possibility of PFAS resulting in molecular disruptions and microbiota dynamics, and 2 

studies that look at an inverse association between PFAS exposure and reduction of 

gastrointestinal tumors, suggesting that PFOS is being explored as a new therapeutic agent for 

colorectal cancer. The two studies assessing colorectal cancer cell lines and metabolism show 
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a pattern in evidence for an association between PFOA exposure and stimulation of colorectal 

cancer cell invasive ability and metabolism but this association is not enough to establish an 

association. Lastly, taking a look at the 3 epidemiological studies, there are complex findings, 

with one study showing significantly elevated risks for colon cancer among residents compared 

to demographically similar towns in New England, another study revealing estimates for colon 

cancer to be below or at unity, indicating no clear association for colon cancer and PFAS 

exposure and the third study resulting in a strong inverse association between PFOS and 

colorectal cancer. While there are some studies of the 10 included as part of the strict search 

criteria, that suggest an association between PFAS/PFOS exposure and colorectal cancer, the 

findings do not show sufficient evidence to establish an association between PFAS/PFOS 

exposure and the development of colorectal cancer, suggesting that further research is 

warranted to explore the association between exposure of PFAS/PFOS and colorectal cancer. 

Assessing further, the two studies that looked at colorectal cancer cell lines and 

metabolism, by Zhang et al. (2023) and Miao et al. (2015), analyze the multifaceted and intricate 

relationship between PFAS and colorectal cancer. The study Zhang et al. (2023), a metabolic 

analysis investigating PFOA-treated human colorectal cancer (DLD-1) cells found significant 

alterations in glucose metabolism as well as decreased cellular processes such as tricarboxylic 

acid (TCA) cycle and fatty acid biosynthesis, highlighting the potential link between PFOA 

exposure toxicity and the processes in colorectal cancer cells. These findings are further 

supported by the Miao et al. (2015) study that explored the invasive ability of DLD-1 colorectal 

cancer cells. The study found that PFOA treatment can significantly stimulate DLD-1 colorectal 

cancer cell invasion, indicating the impact that PFOA exposure has on the behavior of colorectal 

cancer cells particularly its potential role in enhancing the invasive ability of DLD-1 colorectal 

cancer cells. These two studies show evidence for an association between PFOA exposure and 

significant alterations in colorectal cancer cells and metabolism such as stimulation of colorectal 
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cancer cell invasive ability and metabolic remodeling of intestinal cells, but additional research is 

needed to better understand the mechanisms of PFOA exposure on colorectal cancer (DLD-1) 

cells and metabolic remodeling of intestinal cells. 

  

Other risk factors for Colorectal Cancer 

 As part of this review, while Table 1 includes 10 publications that met the strict search 

criteria, Table 2 includes the remaining 8 publications identified through the search as critical to 

assess the risk of colorectal cancer. Of the 8 publications, 4 are reviews and 4 are 

epidemiological studies. The findings from the 4 epidemiological studies provide a 

comprehensive assessment of a potential indirect association between exposure of PFAS, 

particularly PFOA and PFOS, and colorectal cancer through pathways such as inflammatory 

bowel disease (IBD).  

 The study Xu et al. (2020) investigated the Ronneby cohort which was exposed to high 

PFAS from Aqueous Film-Forming Foam (fire-fighting foam) in their drinking water and 

measuring fecal biomarkers, the study found that there isn’t sufficient evidence to support that 

PFAS exposure is a risk factor for development of inflammatory bowel disease (IBD) in this 

cohort, suggesting that there is limited evidence for an association between PFAS and risk of 

IBD. On the other hand, Fart et al. (2021) is a case-control study that investigated the 

association between PFAS exposure with late onset IBD and disturbances of the bile acid pool. 

The study found that the total amount of PFAS substances was significantly increased among 

patients with ulcerative colitis, when compared to patients with Crohn’s disease and healthy 

controls, suggesting its contribution to the disease by inducing a dysfunctional intestinal barrier. 

Additionally, the ex vivo experiment resulted in PFOA exposure increasing ileal and colonic 

permeability, suggesting that PFAS could play a role in intestinal barrier dysfunction.  

The studies Olen et al. (2020) and Kunovszki et al. (2020) also provide insights 
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investigating the association between IBD and colorectal cancer. Olen et al. (2020) found that 

individuals who were diagnosed with ulcerative colitis (UC) are at an increased risk of 

developing colorectal cancer and at an elevated risk of mortality from colorectal cancer than 

individuals who do not have ulcerative colitis. The findings from Kunovszki et al. (2020) also 

support this as the study investigated and found that survival rates of ulcerative colitis patients 

with colorectal cancer were significantly worse than the general population. The evidence from 

the 4 epidemiological studies suggest that there is a complex and indirect relationship between 

PFAS exposure, IBD development and the subsequent risk of colorectal cancer. While current 

studies show a limited understanding on the link between PFAS and IBD, the association 

between IBD and colorectal cancer is emphasized in these studies, suggesting that there could 

be an indirect link between PFAS exposure and colorectal cancer and thus further research is 

warranted to establish links in this multifaceted relationship between PFAS and colorectal 

cancer through pathways such as IBD. 

The Steenland and Winquist (2020) review is a scoping review that assesses current 

literature on the association of different cancers and exposure to PFAS. This review included 

only one study that assessed the association between PFOA and colorectal cancer. The overall 

findings of this review suggest that existing evidence is limited and that there isn’t sufficient 

evidence to establish an association between PFAS exposure and colorectal cancer. The 

review Rosenfeld et al. (2023) on the other hand, particularly assesses the risk of firefighters 

and conducts a comprehensive review on the occupational exposures to PFAS, particularly 

aqueous film-forming foam (AFFF) resulting in an increased risk of cancer. The review assesses 

exposure pathways as well as elevated levels of long-chain PFAS in firefighters resulting in an 

increased risk for various cancers including colon cancer. While this review does not show 

sufficient evidence to establish an association between PFAS and colon cancer in firefighters, it 

suggests that further research is needed as firefighters are at imminent risk of various cancers 
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resulting from PFAS exposure.  

 The review Li et al. (2022) on the other hand, delved into the multifaceted relationship 

between PFAS exposure and gastrointestinal tract health, assessing the disruption of the 

intestinal barrier system by causing inflammation in the gut, destruction of the gut epithelium 

and tight junction structure, reduction of the mucus layer, and induction of the toxicity of immune 

cells. The review assesses PFAS accumulation in the gastrointestinal tract which can result in a 

number of diseases such as inflammatory bowel disease, irritable bowel syndrome, and colon 

carcinoma and the findings suggest that PFAS may result in an indirect association with the 

development of colorectal cancer. The Durham et al. (2023) review also looks at the potential 

link between long-term PFOS exposure, lipid metabolism dysregulation, inflammation, 

microbiome dysfunction and the etiology of colorectal cancer. This suggests that there isn’t 

sufficient evidence for an association between PFOS and gastrointestinal cancer as data is still 

sparse and rather assesses a potential avenue of diets high in fiber to reduce or prevent PFOS-

mediated disease. The 4 reviews underscore the complex nature of the relationship between 

PFAS exposure and colorectal cancer as there are variations in exposure, mechanisms of 

toxicity, as well as gaps in evidence, indicating the need for further research to explore the 

impact of PFAS on colorectal health and carcinoma.  

The review of current literature assessing the link between PFAS and colorectal cancer, 

did not find sufficient evidence to establish an association. Taking into account the findings from 

the National Academies of Sciences, Engineering, and Medicine 2022 report, the findings from 

reviews by the EPA, OECD and C-8 Science Panel, that there is an association between PFAS 

exposure and ulcerative colitis, a rare autoimmune condition of the gastrointestinal (GI) tract, 

several other risk factors for colorectal cancer were identified, including inflammatory bowel 

disease (IBD) such as either ulcerative colitis or Crohn’s disease (American Cancer Society, 

n.d.). PFAS/PFOS may contribute to the development of inflammatory bowel diseases (IBD) 

https://www.zotero.org/google-docs/?aBelge
https://www.zotero.org/google-docs/?aBelge


 

35 

and this is supported in several studies that have shown evidence to support an association 

between PFAS/PFOS exposure and increased inflammatory responses in the GI tract. These 

findings underscore the need for further investigation to assess not just the potential direct link 

between PFAS/PFOS exposure and colorectal cancer but the multifaceted and potential indirect 

link between PFAS/PFOS and risk of developing colorectal cancer through the pathways of 

PFAS exposure resulting in inflammation of the gut, intestinal tissues, and other inflammatory 

bowel diseases. 

Environmental Factors and Colorectal Cancer 

While further research is to be undertaken on assessing the relationship between PFAS 

exposure and colorectal cancer, it is critical to assess other environmental factors that 

contribute to the development of colorectal cancer. Environmental factors involve a broad range 

of influences such as lifestyle, diets, and exposures to contaminants/pollutants. Several 

epidemiological studies have implicated dietary choices as a key factor in colorectal cancer risk. 

Diets high in processed meats, red meats and alcoholic drinks have been associated with the 

development of colorectal cancer (Murphy et al., 2019). Sedentary behaviors such as physical 

inactivity and excess body weight and obesity have also been found in several epidemiologic 

studies to be factors of developing colorectal cancer. Additionally, with dietary risk factors, 

environmental exposures resulting from consuming contaminated drinking water or breathing in 

polluted air over time, can indirectly influence the development of colorectal cancer. The various 

environmental factors need to be investigated further to assess the impact on development of 

colorectal cancer. 

 

Limitations and Recommendations 

PFAS are widely spread in the environment today and while their adverse health effects 

https://www.zotero.org/google-docs/?TgiJz3
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are well known, their impact on the development of colorectal cancer is not clear. Firstly, 

exposure to PFAS can be from several diverse sources and the multifaceted pathways of 

exposure can make it difficult to establish a direct relationship between PFAS and the 

development of colorectal cancer. Studies identified in this review illustrate different populations, 

different chemicals as well as half of the 10 studies that are part of Table 1, are animal studies 

with distinct results. A potential limitation is that several studies included in this review are 

retrospective study designs looking at large cohorts which may introduce recall bias as 

participants’ work to recall exposures.  

         To further assess the association between PFAS/PFOS exposure and colorectal cancer, 

more studies need to be conducted on large human cohorts and studies must include rigorous 

study designs when working with large sample sizes. Longitudinal studies as well as more 

mechanistic studies assessing the indirect biological mechanisms such as inflammation, 

oxidative stress, and hormonal disruptions through which PFAS may influence colorectal cancer 

need to be conducted. The inclusion of diverse populations could enhance the findings of the 

relationship between PFAS/PFOS and colorectal cancer as it could account for genetic and 

environmental influences for colorectal cancer. Additionally, mouse studies need to have strict 

criteria so the study results can be applied to better understand human risks. Lastly, when 

assessing PFAS/PFOS exposure with the risk of colorectal cancer, it is critical to take into 

account confounding factors such as environmental, genetics and lifestyle to be able to 

distinguish the contribution PFAS exposure has on the risk of colorectal cancer. 

 

Conclusion 

The current existing body of published literature does not provide sufficient evidence to 

establish an association between exposure to PFAS/PFOS and risk of colorectal cancer 

development. Findings from the literature included, show complex and distinct results such as 
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negative associations, molecular disruptions and microbiota dynamics, cell lines invasive ability, 

metabolic remodeling of cells, as well as inverse associations between PFAS exposure and 

colorectal cancer. While some studies suggest an indirect relationship between PFAS/PFOS 

exposure and colorectal cancer through the pathway of PFAS exposure and development of 

inflammatory bowel diseases, additional research is warranted to further explore the 

mechanisms of PFAS exposure, intestinal inflammation, inflammatory bowel diseases and 

development of colorectal cancer. It is also important to assess the environmental factors that 

play a role in the development of colorectal cancer. In conclusion, while current existing 

literature does not provide sufficient evidence to establish an association between PFAS/PFOS 

exposure and development of colorectal cancer, there is some evidence indicating an indirect 

relationship between PFAS/PFOS exposure and colorectal cancer through the pathway of 

PFAS exposure resulting in intestinal inflammation and inflammatory bowel disease which are 

risk factors for colorectal cancer. The findings in this review suggest that further research is 

needed to better understand the mechanisms through which PFAS/PFOS affect colorectal 

cancer and establish an association between PFAS/PFOS exposure and colorectal cancer. 

 

 

 

 

 

 

 

 

 



 

38 

References 

 https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/colorectal-

cancer-facts-and-figures/colorectal-cancer-facts-and-figures-2023.pdf 

Alves, A., Jacobs, G., Vanermen, G., Covaci, A., & Voorspoels, S. (2015). New approach for 

assessing human perfluoroalkyl exposure via hair. Talanta, 144, 574–583. 

https://doi.org/10.1016/j.talanta.2015.07.009 

American Cancer Society. (n.d.). Colorectal Cancer Risk Factors. American Cancer Society. 

Retrieved November 30, 2023, from https://www.cancer.org/cancer/types/colon-rectal-

cancer/causes-risks-prevention/risk-factors.html 

American Cancer Society. (2023). Colorectal Cancer Facts & Figures 2023-2025. 

Centers for Disease Control and Prevention. (2022a, May 3). Per- and Polyfluorinated 

Substances (PFAS) Factsheet. Centers for Disease Control and Prevention. 

https://www.cdc.gov/biomonitoring/PFAS_FactSheet.html 

Centers for Disease Control and Prevention. (2022b, December 6). Learn about PFAS | 

ATSDR. Centers for Disease Control and Prevention. 

https://www.atsdr.cdc.gov/pfas/index.html 

Durham, J., Tessmann, J. W., Deng, P., Hennig, B., & Zaytseva, Y. Y. (2023). The role of 

perfluorooctane sulfonic acid (PFOS) exposure in inflammation of intestinal tissues and 

intestinal carcinogenesis. Frontiers in Toxicology, 5. 

https://www.frontiersin.org/articles/10.3389/ftox.2023.1244457 

Ehresman, D. J., Froehlich, J. W., Olsen, G. W., Chang, S.-C., & Butenhoff, J. L. (2007). 

Comparison of human whole blood, plasma, and serum matrices for the determination of 

perfluorooctanesulfonate (PFOS), perfluorooctanoate (PFOA), and other 

fluorochemicals. Environmental Research, 103(2), 176–184. 

https://doi.org/10.1016/j.envres.2006.06.008 

https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f


 

39 

Fart, F., Salihović, S., McGlinchey, A., Gareau, M. G., Orešič, M., Halfvarson, J., Hyötyläinen, 

T., & Schoultz, I. (2021). Perfluoroalkyl substances are increased in patients with late-

onset ulcerative colitis and induce intestinal barrier defects ex vivo in murine intestinal 

tissue. Scandinavian Journal of Gastroenterology, 56(11), 1286–1295. 

https://doi.org/10.1080/00365521.2021.1961306 

Innes, K. E., Wimsatt, J. H., Frisbee, S., & Ducatman, A. M. (2014). Inverse association of 

colorectal cancer prevalence to serum levels of perfluorooctane sulfonate (PFOS) and 

perfluorooctanoate (PFOA) in a large Appalachian population. BMC Cancer, 14, 45. 

https://doi.org/10.1186/1471-2407-14-45 

International Agency for Research on Cancer. (2023, December 1). IARC Monographs evaluate 

the carcinogenicity of perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid 

(PFOS). International Agency for Research on Cancer. https://www.iarc.who.int/news-

events/iarc-monographs-evaluate-the-carcinogenicity-of-perfluorooctanoic-acid-pfoa-

and-perfluorooctanesulfonic-acid-pfos 

Kunovszki, P., Milassin, Á., Gimesi-Országh, J., Takács, P., Szántó, K., Bálint, A., Farkas, K., 

Borsi, A., Lakatos, P. L., Szamosi, T., & Molnár, T. (2020). Epidemiology, mortality and 

prevalence of colorectal cancer in ulcerative colitis patients between 2010-2016 in 

Hungary – a population-based study. PLOS ONE, 15(5), e0233238. 

https://doi.org/10.1371/journal.pone.0233238 

Li, H., Hammarstrand, S., Midberg, B., Xu, Y., Li, Y., Olsson, D. S., Fletcher, T., Jakobsson, K., 

& Andersson, E. M. (2022). Cancer incidence in a Swedish cohort with high exposure to 

perfluoroalkyl substances in drinking water. Environmental Research, 204, 112217. 

https://doi.org/10.1016/j.envres.2021.112217 

Li, J., Wang, L., Zhang, X., Liu, P., Deji, Z., Xing, Y., Zhou, Y., Lin, X., & Huang, Z. (2022). Per- 

and polyfluoroalkyl substances exposure and its influence on the intestinal barrier: An 

https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f


 

40 

overview on the advances. Science of The Total Environment, 852, 158362. 

https://doi.org/10.1016/j.scitotenv.2022.158362 

Messmer, M. F., Salloway, J., Shara, N., Locwin, B., Harvey, M. W., & Traviss, N. (2022). Risk 

of Cancer in a Community Exposed to Per- and Poly-Fluoroalkyl Substances. 

Environmental Health Insights, 16, 11786302221076707. 

https://doi.org/10.1177/11786302221076707 

Miao, C., Ma, J., Zhang, Y., Chu, Y., Li, J., Kuai, R., Wang, S., & Peng, H. (2015). 

Perfluorooctanoic acid enhances colorectal cancer DLD-1 cells invasiveness through 

activating NF-κB mediated matrix metalloproteinase-2/-9 expression. International 

Journal of Clinical and Experimental Pathology, 8(9), 10512–10522. 

Murphy, N., Moreno, V., Hughes, D. J., Vodicka, L., Vodicka, P., Aglago, E. K., Gunter, M. J., & 

Jenab, M. (2019). Lifestyle and dietary environmental factors in colorectal cancer 

susceptibility. Molecular Aspects of Medicine, 69, 2–9. 

https://doi.org/10.1016/j.mam.2019.06.005 

National Academies of Sciences, Engineering, and Medicine. (2022). Guidance on PFAS 

Exposure, Testing, and Clinical Follow-Up (p. 26156). National Academies Press. 

https://doi.org/10.17226/26156 

National Cancer Institute. (2020, November 5). Why is Colorectal Cancer Rising Rapidly among 

Young Adults? National Cancer Institute. https://www.cancer.gov/news-events/cancer-

currents-blog/2020/colorectal-cancer-rising-younger-adults 

National Cancer Institute Division of Cancer Epidemiology & Genetics. (2020, October 15). 

PFAS Exposure and Risk of Cancer. National Cancer Institute Division of Cancer 

Epidemiology & Genetics. https://dceg.cancer.gov/research/what-we-study/pfas 

National Institute of Environmental Health Sciences. (n.d.). Perfluoroalkyl and Polyfluoroalkyl 

Substances (PFAS). Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS). Retrieved 

https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f


 

41 

November 30, 2023, from https://www.niehs.nih.gov/health/topics/agents/pfc/index.cfm 

Ngo, H. T., Hetland, R. B., Sabaredzovic, A., Haug, L. S., & Steffensen, I.-L. (2014). In utero 

exposure to perfluorooctanoate (PFOA) or perfluorooctane sulfonate (PFOS) did not 

increase body weight or intestinal tumorigenesis in multiple intestinal neoplasia (Min/+) 

mice. Environmental Research, 132, 251–263. 

https://doi.org/10.1016/j.envres.2014.03.033 

Olén, O., Erichsen, R., Sachs, M. C., Pedersen, L., Halfvarson, J., Askling, J., Ekbom, A., 

Sørensen, H. T., & Ludvigsson, J. F. (2020). Colorectal cancer in ulcerative colitis: A 

Scandinavian population-based cohort study. The Lancet, 395(10218), 123–131. 

https://doi.org/10.1016/S0140-6736(19)32545-0 

Rashid, F., Ahmad, S., & Irudayaraj, J. M. K. (2020). Effect of Perfluorooctanoic Acid on the 

Epigenetic and Tight Junction Genes of the Mouse Intestine. Toxics, 8(3), 64. 

https://doi.org/10.3390/toxics8030064 

Rashid, F., Dubinkina, V., Ahmad, S., Maslov, S., & Irudayaraj, J. M. K. (2023). Gut Microbiome-

Host Metabolome Homeostasis upon Exposure to PFOS and GenX in Male Mice. 

Toxics, 11(3), 281. https://doi.org/10.3390/toxics11030281 

Rattray, N. J. W., Charkoftaki, G., Rattray, Z., Hansen, J. E., Vasiliou, V., & Johnson, C. H. 

(2017). Environmental Influences in the Etiology of Colorectal Cancer: The Premise of 

Metabolomics. Current Pharmacology Reports, 3(3), 114–125. 

https://doi.org/10.1007/s40495-017-0088-z 

Rosenfeld, P. E., Spaeth, K. R., Remy, L. L., Byers, V., Muerth, S. A., Hallman, R. C., 

Summers-Evans, J., & Barker, S. (2023). Perfluoroalkyl substances exposure in 

firefighters: Sources and implications. Environmental Research, 220, 115164. 

https://doi.org/10.1016/j.envres.2022.115164 

Siegel, R. L., Wagle, N. S., Cercek, A., & Smith, R. A. (2023, March 1). Colorectal cancer 

https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f


 

42 

statistics, 2023. American Cancer Society. 

https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21772 

Steenland, K., & Winquist, A. (2021). PFAS and cancer, a scoping review of the epidemiologic 

evidence. Environmental Research, 194, 110690. 

https://doi.org/10.1016/j.envres.2020.110690 

Wee, S. Y., & Aris, A. Z. (2023). Revisiting the “forever chemicals”, PFOA and PFOS exposure 

in drinking water. Npj Clean Water, 6(1), Article 1. https://doi.org/10.1038/s41545-023-

00274-6 

Wimsatt, J. H., Montgomery, C., Thomas, L. S., Savard, C., Tallman, R., Innes, K., & Jrebi, N. 

(2018). Assessment of a mouse xenograft model of primary colorectal cancer with 

special reference to perfluorooctane sulfonate. PeerJ, 6, e5602. 

https://doi.org/10.7717/peerj.5602 

Wimsatt, J., Villers, M., Thomas, L., Kamarec, S., Montgomery, C., Yeung, L. W. Y., Hu, Y., & 

Innes, K. (2016). Oral perfluorooctane sulfonate (PFOS) lessens tumor development in 

the APCmin mouse model of spontaneous familial adenomatous polyposis. BMC 

Cancer, 16(1), 942. https://doi.org/10.1186/s12885-016-2861-5 

World Health Organization. (2023, July 11). Colorectal cancer. World Health Organization. 

https://www.who.int/news-room/fact-sheets/detail/colorectal-cancer 

Xu, Y., Li, Y., Scott, K., Lindh, C. H., Jakobsson, K., Fletcher, T., Ohlsson, B., & Andersson, E. 

M. (2020). Inflammatory bowel disease and biomarkers of gut inflammation and 

permeability in a community with high exposure to perfluoroalkyl substances through 

drinking water. Environmental Research, 181, 108923. 

https://doi.org/10.1016/j.envres.2019.108923 

Zhang, R., Lu, W., Tu, L., Lin, Y., Sun, J., Chen, B., & Luan, T. (2023). Perfluorooctanoic acid-

induced metabolic disorder via enhancing metabolism of glutamine and fatty acids in 

https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f


 

43 

human intestinal cells. Environmental Pollution, 338, 122684. 

https://doi.org/10.1016/j.envpol.2023.122684 

https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f
https://www.zotero.org/google-docs/?bRlz0f

	The Potential Link Between Pfas And Colorectal Cancer: A Narrative Review
	Recommended Citation

	Abstract
	Acknowledgments
	Table Of Contents
	List of Tables
	List of Figures
	Introduction
	Etiology and risk factors of colon/colorectal cancer
	Background on PFAS/PFOS
	PFAS/PFOS and Cancer

	Methods
	Figure 1: Literature search strategy for studies of PFAS and Colorectal Cancer

	Results
	Table 1: Summary of studies assessing association of PFAS/PFOS exposure and Colorectal Cancer development
	Table 2: Other relevant literature assessing association of PFAS/PFOS exposure and Colorectal Cancer development
	Animal studies assessing the association between PFAS/PFOS and colorectal cancer
	Epidemiological studies assessing the association between PFAS/PFOS and colorectal cancer
	Studies assessing the association between PFAS/PFOS and colorectal cancer cell lines and metabolism
	Other relevant literature

	Discussion
	PFAS/PFOS and Colorectal Cancer
	Other risk factors for Colorectal Cancer
	Environmental Factors and Colorectal Cancer
	Limitations and Recommendations

	Conclusion
	References

