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Abstract 
Chronic inflammation may have a detrimental impact on human health as it tends to result in 
cancer. In addition, it is often linked to different steps that participate in tumorigenesis, 
including cellular transformation, survival, promotion, invasion, proliferation, angiogenesis, 
and metastasis. Hence, inflammation predisposes cancer development and plays a vital role in 
promoting all tumorigenesis stages. Inflammation is caused by many factors, such as bacterial 
and viral infections, tobacco smoking, autoimmune diseases, obesity[21], asbestos exposure, 
and many others, increasing cancer risk. Moreover, cancer can be enhanced by mutations that 
proceed to cancer progression. Consequently, it leads to immunosuppression and provides a 
favorable background for tumor development. Although many studies address the question of 
relationships between inflammation and cancer development, little attention is paid to the link 
between inflammation and blood cancer. Therefore, the current study reviews the role of 
inflammation in cancer development, particularly in blood cancer. A meta-analysis research 
approach meets the research objective and answers the research question. The review results 
indicate that chronic inflammation directly relates to the development of many cancer types, 
blood cancer in particular.  
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Introduction 

Inflammation is a normal physiological 
response of an injured tissue that needs 
healing [13]. An inflammatory process 

begins when a damaged tissue releases 
chemicals [2]. As a result, white blood cells 
produce substances that make cells divide 
and grow, aiming at rebuilding the tissue 
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and repairing it. As soon as the wound is 
healed, the process of inflammation begins 
to approach its end [13]. However, in 
chronic inflammation, the inflammatory 
process tends to set up even when there is 
no injury [5]. It means that the process does 
not end due to the nature of inflammation. 
It is not always evident why the 
inflammation occurs and proceeds, but it 
may be provoked by abnormal immune 
reactions to normal tissues, infections, and 
obesity [13] [20]. Over time, chronic 
inflammation may lead to DNA damage 
and cancer. According to Hassuneh, 
Nagarkatti, and Nagarkatti (2013), chronic 
inflammation is linked to different steps 
that participate in tumorigeneses, such as 
cellular transformation, survival, 
promotion, invasion, proliferation, 
angiogenesis, and metastasis. Therefore, 
inflammation predisposes cancer 
development and promotes all 
tumorigenesis stages [5]. Many articles 
address the impact of inflammation on the 
onset and progression of certain cancer 
types. However, there is little scientific 
attention to the link between inflammation 
and the positivity of developing blood 
cancer. It remains one of the most common 
issues that affects people irrespective of 
age, personal characteristics, and status. 
Therefore, the current study reviews the 
role of inflammation in cancer 
development, particularly in blood cancer.  
There is an idea that only some cancer types 
are caused by germline mutations [17]. 
Therefore, nearly 90% of cancers are linked 
to environmental factors and somatic 
mutations [22]. Chronic inflammation is 
one of the many environmental causes of 
cancer, as it significantly contributes to the 
risk factors. Research implies that chronic 
infections cause almost 20% of cancers, 
30% occur due to inhaled pollutants and 
tobacco smoking, and up to 35% of cancer 
cases develop because of dietary factors 
[15]. The question of the immune system 
and inflammation and their role in cancer 
development and progression has attracted 
scientific attention [10]. Nowadays, cancer 

biology unis undergoing significant 
development. Studies indicate that 
inflammation impacts the composition of 
the tumor microenvironment (TME), 
particularly the tumor and stromal cell 
plasticity [23]. Therefore, it is necessary to 
view inflammatory processes in the 
immune system during carcinogenesis with 
the consideration of the anti-tumorigenic 
function of immunity exerts 
immunosurveillance and immunological 
tumor heterogeneity sculpting [23].  
Cancer is a disease that affects all people 
worldwide and is among the leading 
mortality causes as it is blamed for nearly 
13% of all deaths worldwide [23]. As it is a 
sell-intrinsic genetic disease, most 
treatment options aim at destroying tumor 
cells with multidrug cancer cell resistance 
[17]. Research indicates that inflammation 
closely relates to all stages of development 
and malignant progression of most cancer 
types and with the anti-cancer therapy 
efficacy[2; 19]. It means that chronic 
inflammation participates in the process of 
immunosuppression and ensures a 
preferred microenvironment for 
tumorigenesis, tumor development, and 
metastasis [17]. However, there is not a 
sufficient amount of studies that directly 
address the impact of inflammation on 
blood cancer. Therefore, the link between 
inflammation and the possibility of 
developing blood cancer requires 
investigation. Thus, the study is developed 
to answer the question: Is there any 
relationship between inflammation and 
blood cancer development? 

Methods 
Evidence-based medicine is a systematic 
and quantitative approach that aims at 
getting medical information [18]. 
Therefore, meta-analysis is a formal and 
quantitative research approach designed to 
systematically assess prior research to 
derive conclusions about the topic of 
interest [2]. It integrates and evaluates the 
results of studies and plays a vital role in 
evidence-based medicine [2]. Meta-
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analysis takes the top position in the 
evidence hierarchy, where clinical evidence 
is ranked in accordance with the strength of 
the freedom from various biases [18]. The 
main purpose of such research is to 
determine the presence of an effect in a 
study and identify whether this effect is 
positive or negative. Hence, meta-analysis 
aims at examining the primary strengths of 
the results of a study [17]. It assists in 
determining whether there is substantial 
evidence to support the research findings 
[12]. Also, this research approach is 
designed to analyze the results achieved in 
previously published studies to detect 
common trends and discrepancies.  
Meta-analysis outcomes may include a 
more precise estimate of the effect of the 
disease risk factor, in the case of the current 
study, inflammation as a risk factor for 
blood cancer development. The use of 
meta-analysis is associated with some 
benefits, including a strong and quantitative 
review of large and complex data that may 
be conflicting [12]. However, it is 
necessary to highlight that a failure to 
identify most existing studies may result in 
making unreliable and ineffective 
conclusions [2]. A thoroughly conducted 
meta-analysis is considered to be a valuable 
tool in evidence-based medicine [18]. The 
need for integrating prior research findings 
ensures that a meta-analytic study is 
desirable and feasible.   
Meta-analyses are a constituent of 
systematic review [12]. A systematic 
review seeks to contrast empirical evidence 
that fits certain eligibility criteria with the 
aim of answering a research question [2]. A 
systematic review presupposes the use of 
precisely stated objectives to identify the 
studies that meet the eligibility criteria [18]. 
It is beneficial in reducing bias and 
providing reliable, effective, and valuable 
findings from conclusions drawn by other 
scientists. Studies for a meta-analysis are 
chosen with the consideration of inclusion 
criteria. Hence, the inclusion criteria for the 
current study are as follows: the publication 

of the study not earlier than 2012, the 
presence of at least two keywords; access to 
a full article; articles published only in 
English. These inclusion criteria were 
defined at the initial study development 
stage.  
The steps of a systematic review or meta-
analysis include developing a research 
question, identifying a search strategy, 
database search, evaluating the received 
results, and producing relevant conclusions 
[2]. Hence, the articles for the current 
review were taken from Google Scholar. 
All of them are published in reliable 
journals, and the reliability of the provided 
results cannot be doubted. The initial search 
in the database showed 19600 articles. 
However, most of them were no considered 
as they addressed different cancer types, 
did not contain at least two keywords, or 
provided only abstracts of the studies.   
Results 
Chronic inflammation has been found to 
mediate many diseases, including arthritis, 
cardiovascular diseases, pulmonary 
diseases, Alzheimer’s disease, autoimmune 
diseases, and cancer [3]. Chronic 
inflammation triggers increase cancer risk 
and cancer progression. The deconstruction 
of the roles and mechanisms of action of 
both cancer and inflammation is necessary 
to get a good understanding of how 
inflammation in cancer is induced and 
maintained. According to Green and 
Grivennikov (2016), up to 20% of all 
cancer cases occur due to chronic 
inflammation, infection, or autoimmunity 
at the same organ site or tissue. Cancer-
promoting inflammation is induced and 
exists long before the formation of a tumor.  
It has been found that a number of 
environmental factors incline to and 
promote cancer development. Considering 
the host, these factors may be site and 
organ-specific or systemic [7]. For 
instance, fine particle inhalation primarily 
causes lung and airway inflammation and 
initiates lung cancer and mesothelioma [3]. 
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Also, low-grade inflammation induced by 
hyperglycemia, obesity[20], and excessive 
lipid accumulation is systematic in nature 
and can increase cancer risk, including 
colon, breast, pancreatic, liver, and other 
malignancies [3]. Systematic inflammation 
action can occur even during the late tumor 
development stages, activating neutrophils 
and the function of their extracellular trap 
to promote breast cancer metastasis [6]. 
Recent research has shed light on the 
pathways that link inflammation and 
cancer, including intrinsic and extrinsic 
pathways. Hence, intrinsic pathways are 
genetic events that cause the expression of 
inflammation-related programs that guide 
the inflammatory microenvironment 
construction, while the extrinsic pathway 
relates to the inflammatory conditions that 
enhance cancer development [1].  
The analysis of relevant literature sources 
indicates that the tumor may be 
successfully initiated by two independent 
events. One of them leads to mutation 
accumulation and epigenetic gene 
alterations and signaling pathways included 
in tumor suppression and oncogenic 
pathways [1]. Traditionally, these 
mechanisms have been primarily linked to 
environmental factors and inherent errors in 
DNA repair and replication; inflammatory 
responses initiate powerful mechanisms 
that result in the accumulation of mutation 
and a number of epigenetic changes in 
adjacent epithelial cells [14]. Neutrophils 
and macrophages are potent nitrogen 
species and reactive oxygen producers, 
inducing mutations. Hence, inflammation 
induction can result in increased 
mutagenesis, predisposing to mutation 

accumulation in normal tissue [5]. Chronic 
intestinal inflammation leads to mutation 
accumulation in cancer-related genes in 
intestinal epithelial cells and can trigger 
tumor formation without additional 
extrinsic mutagens.  
The inflammation potential to induce 
mutations and DNA damage is accounted 
for by evolution as inflammatory cytokines 
can enhance the expression of DNA 
damage response genes to counteract 
potential genotoxic insult induced caused 
by inflammation [6]. In addition, signaling 
by cytokines produced by inflammatory 
cells activates epithelial cell epigenetic 
machineries such as histone modifications, 
DNA components, microRNA, tumor 
suppressors, and others [5]. The net 
outcome of these epigenetic changes is 
suggested to be similar to inactivating 
mutations in tumor suppressors and 
activating mutations in oncogenes [5]. Stem 
cells are the proposed “cells of origin” for 
cancer, and inflammatory processes can 
initiate the de-differentiation of post-
mitotic epithelia into tumor-initiating cells 
similar to stem cells (see Figure 1). Tissue 
damage triggered by chronic inflammation 
can lessen the barrier function and expose 
the stem cell niche to environmental 
carcinogens. Also, it may move stem cells 
very close to active inflammatory cells, 
enhancing the production of genotoxic 
compounds [5]. Moreover, in microbial-
rich cancer, enhanced inflammation can 
shape the qualitative characteristics of 
epithelial-adhesive microbiota, enriching 
the specie content accumulating genotoxic 
gene products, and inflicting mutations in 
host cells [5]. 

 
 
 



International Journal of Pharmaceutical and Clinical Research                           e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Tzenios et al.                   International Journal of Pharmaceutical and Clinical Research   

839 

 
Figure 1: Pro-tumorigenic actions of inflammation [5] 

 
Another independent event that initiates 
tumor development is the creation of 
transformed and/or cancerous clones [16]. 
However, it is necessary to highlight that it 
should be followed by their growth into a 
frank tumor, which is referred to as a 
process to which inflammatory 
mechanisms usually contribute [5]. For 
example, cytokine receptor signaling in 
mutated cells might converge at the pro-
survival pathway induction, mediated by 
NF-κB, STAT, three, or other signaling 
types [5]. Therefore, it enhances 
proliferation or increases the survival 
transformed clone probability. There is a 
need for such an early inflammatory 
signaling contribution as tumor cells in 
limited numbers fail to establish a full-scale 
TME with auxiliary stromal cells, which 
can produce the proper amount of tumor-
supporting growth factors [5]. 
Inflammation-driven cell survival is also 
the center of interest in cancer 

immunosurveillance and the tumor 
elimination phase of stresses and mutated 
cells [16]. Also, studies indicate that 
inflammatory signals can increase fitness 
and reduce the expression of “stress 
ligands” on cancer cells [5]. Lam et al. 
(2014) find that this is needed for proper 
recognition. Injury and inflammation 
initiate cell turnover in tissues, creating 
space for malignant clone growth [5]. This 
is visible in skin and liver cancer, as in these 
cancer types, normal cell death is required 
for compensatory proliferation of 
neighboring transformed clones. As a 
result, it creates a scenario where the tissue 
injury endued by inflammation and cell 
death is necessary for tumor growth [16]. In 
cases when the inflammatory cytokine is 
needed for tumor initiation, cytokines 
collaborate with tissue damage and 
regeneration induced by inflammation [5].  
Greten and Grivennikov (2016) suggest 
that identical genetic changes can be 



International Journal of Pharmaceutical and Clinical Research                           e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Tzenios et al.                   International Journal of Pharmaceutical and Clinical Research   

840 

characterized by the possession of different 
propensities that ensure survival and 
growth, but it depends on the TME these 
clones are placed into and represents the 
adaptive nature of the oncogenic process 
[16]. Moreover, it has been found that 
inflamed and stressed tissue can be 
conductive to initiating the growth of 
tumors, while normal and unaffected 
tissues would block it. At the same time, 
inflammation can trigger dormant clone 
growth. Some mechanisms responsible for 
this phenomenon may intersect with the 
cytokine's ability to enhance survival and 
proliferation [5]. Inflammation can change 
the HSPC selection toward oncogenic 
CEBPA gene mutations often found in 
leukemia. Although inflammation may be 
the process of fighting infection, it may also 
have adverse reactions that pose significant 
risks to people's health, especially when it 
becomes chronic. Kumar (2021) suggests 
that chronic infections and arthritis may 
cause long-term inflammation. However, 
there are cases when the main inflammation 
cause is old age. When people get older, 
many become chronically inflamed [9]. 
People experience different inflammation 
levels, and higher levels usually coincide 
with worse health outcomes. The researcher 
finds that chronic inflammation may cause 
increased leukemia rates [9].  

Conclusion 
The analysis of literature sources has shown 
that there is a link between inflammation 
and tumor development and depends on 
two different phenomena. Genes that 
participate in cancer development can 
enhance inflammatory processes. At the 
same time, inflammation increases the 
cancer risk by suppressing antitumor 
responses of the immune system and 
creating conditions that are favorable for 
mutation accumulation, the creation of 
blood vessels that nourish tumors, the 
growth and survival of tumor cells, as well 
as the tumor mass ability to invade 
surrounding tissues and to stimulate 
metastases [11]. Inflammation induction in 

the TME has distinct timing and may occur 
before or after tumorigenesis initiation or 
can become evident only at the later 
tumorigenesis stages. Timing, a 
characteristic feature of some tumor types 
and the contribution of tumor-promoting, 
may emerge very early or remain silent 
until late metastasis stages. Tumor-
infiltrating leucocytes and cytokine-related 
signaling pathways are the components that 
play a vital role in the development of the 
inflammatory tumor microenvironment. 
Certain principles and mechanisms help 
inflammation promote cancer. The research 
has enabled to identify of a strong link 
between chronic inflation and some cancer 
types, including blood cancer. The review 
provides evidence of the relationships 
between chronic inflammation and many 
cancer types, particularly blood cancer.   
Research indicates that several distinct 
stimuli cause inflammation in tumors. 
Some of them, for instance, low-grade 
inflammation (obesity) [19], environmental 
pollutants (smoke), carcinogenic microbes, 
and others, may serve as essential targets 
responsible for cancer prevention through 
the reduction of tumor-initiating 
inflammation [12]. Dietary interventions, 
vaccinations, improved environmental 
protection, and antibiotics use can help 
achieve it. Other stimuli, such as cell death, 
hypoxia, and genetic or epigenetic 
modulation of tumor suppressors, are 
extremely valuable to understanding cancer 
biology [16]. However, they can be targeted 
only in terms of cancer therapy and through 
the modulation of the signaling events and 
signal transduction hubs. In addition, the 
inflammatory tumor microenvironment is 
characterized by the host leukocyte 
presence in the supporting stroma and 
tumor areas. Tumor-infiltrating 
lymphocytes enhance cancer growth and 
spread, increasing the immunosuppression 
associated with cancer.   
The analysis of literature sources implies 
the need for getting an insight into the roles 
of each cell type and signaling pathway in 
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cancer initiation and progression to 
discover biomarkers that target cancer 
inflammation. As inflammation can play a 
critical role during all tumor development 
stages, further research may address the 
question of molecular and cellular 
mechanisms and operation modes for 
immune cells and inflammation, especially 
in early tumor initiation, as well as 
metastatic spread and outgrowth. 
Moreover, information about 
transcriptional elucidation and other 
signaling programs that define cellular 
plasticity within the TME may help 
examine cellular interaction and functional 
diversification [5]. Thus, irrespective of the 
ongoing research in the sphere of different 
cancer types and inflammation, many 
questions remain unaddressed.  
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