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Abstract

Inefficient delivery of drugs is a main cause of chemotherapy failure in hypo-perfused tumors. To 

enhance perfusion and drug delivery in these tumors, two strategies have been developed: vascular 

normalization, aiming at normalizing tumor vasculature and blood vessel leakiness; and stress 

alleviation, aiming at decompressing tumor vessels. Vascular normalization is based on anti-

angiogenic drugs, whereas stress alleviation on stroma-depleting agents. Here, an alternatively 

approach to normalize vessels is presented, considering that malignant tumors tend to develop at 

chronic inflammation sites. Similarly to tumor vessel leakiness, inflammation is also characterized 

by vascular hyper-permeability. Therefore, testing the ability of anti-inflammatory agents, such as 

non-steroidal anti-inflammatory drugs or inflammation resolution mediators, as an alternative way 

to increase tumor drug delivery, might prove promising.
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The Tumor microenvironment and drug delivery

Tumors are complex tissues consisting of cancer cells and their microenvironment [1, 2], 

which includes structural and cellular components. Structural components of the tumor 

microenvironment comprise tumor blood and lymphatic vessels, and the extracellular matrix 

(ECM) (see Glossary); while the stromal cell constituents [3] include angiogenic vascular 

cells (endothelial cells and pericytes), infiltrating immune cells, and cancer-associated 

fibroblasts (CAFs). Naturally, interactions between cancer cells and the various components 

of tumor microenvironment affect fundamental cancer cell properties such as proliferation, 

apoptosis, migration and invasion.

It has been postulated that components and features of the tumor microenvironment may 

also set certain barriers with regard to the effective delivery of therapeutic agents, resulting 

in compromised therapeutic outcomes and decreased survival [4].
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Chemotherapeutic drugs are, without a doubt, potent cytotoxic agents. However, they often 

fail to cure cancer due to the fact that they are unable to reach cancer cells within the tumor 

in sufficient amounts [5, 6]. Hence, the discovery of more efficient approaches to enhance 

tumor drug delivery is imperative. Here, the main obstacles in drug delivery to the tumor are 

presented along with the approaches currently used to overcome them. Furthermore, the use 

of anti-inflammatory agents is proposed as a promising alternative approach to normalize 

vessels and improve therapy.

Causes of insufficient drug delivery to tumors

Inefficient drug delivery may arise due to barriers posed by abnormal structure and function 

of tumor stroma, known as desmoplasia. Desmoplastic tumors are characterized by a dense 

ECM, containing increased levels of total fibrillar collagen, hyaluronan, fibronectin, 

proteoglycans and tenascin C [4], which also provides the tumor with a reservoir of growth 

factors eventually promoting its growth. The dense fiber composition of these tumors along 

with the abundance of stromal cells generate forces that compress intratumoral blood 

vessels, reducing tumor blood vessel functionality and thus, the systemic administration of 

the drug to the tumor. Additionally, desmoplasia impedes the homogeneous penetration of 

therapeutic agents into the tumor due to the excessive accumulation of ECM fibers [6]. High 

collagen and cellular densities reduce the size of the pores of the tumor interstitial space that 

are available for drug penetration and result in increased resistance to interstitial fluid flow. 

This, in turn, further enhances the uniform elevation of the interstitial fluid pressure (IFP) 

and renders diffusion the dominant transport mechanism in the tumor interior. Therefore, 

when therapeutics extravasate from the hyper-permeable tumor vessels, they are not able to 

effectively penetrate deep into the tumor [5].

A second cause of inefficient drug delivery is the presence of hyper-permeable (leaky) 
blood vessels occurring due to upregulation of pro-angiogenic factors that subsequently 

leads to formation of immature vessels with structural abnormalities such as wide junctions 

between the endothelial cells, and large numbers of fenestrae and intercellular openings, 

resulting in the formation of tumor vessels whose pores can be up to two orders of 

magnitude larger than normal [7, 8]. Consequently, the blood supply reaching the tumor is 

decreased due to excessive fluid loss from the vascular to the extravascular space of the 

tumor, as well as due to the state of dysfunction in which tumor blood vessels are in, being 

characterized by lack of hierarchy, formation of vascular shunts and partially collapsed 

lumen [9, 10].

This in turn leads to hypoxia and lowering of the microenvironment pH, which further 

promotes tumor progression. At the same time hypo-perfusion and hypoxia compromise 

normal immune response, thus rendering the tumor impervious to the immune system [11, 

12] with an invasive and metastatic phenotype [13]. As expected, reduced blood supply also 

interferes with effective drug delivery to the tumor [9].

Additionally, tumor vessel hyper-permeability drives IFP elevation to values comparable to 

microvascular pressure, thus, diminishing pressure gradients across the tumor vessel wall 

and hindering convective transport of drugs [4–6].
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Strategies to improve drug delivery

Two approaches that have been proposed to date to bypass the causes of inefficient drug 

delivery are: i) Stress-alleviation strategies targeting the ECM or CAFs, and ii) Vascular 
normalization strategies targeting the tumor vasculature (Figure 1, Key Figure). Stress 

alleviation strategies are based on the concept that desmoplasia hinders proper drug delivery 

by compressing intratumoral blood vessels, and thus agents that relief the stress accumulated 

by ECM components will facilitate vessel decompression, improve perfusion, and enhance 

delivery of chemotherapy [2, 14, 15]. In fact, repurposing of common anti-fibrotic drugs to 

reduce collagen and/or hyaluronan levels when combined with cytotoxic drugs has shown to 

cause stress alleviation and improve overall survival of mice-bearing tumors [16–18]. 

Similarly, pharmacologic depletion of CAFs has shown to reduce intratumoral stresses, 

improving perfusion, drug delivery and overall survival in pancreatic and breast tumor 

models [19, 20]. However, genetic deletion of CAFs might enhance tumor progression [21, 

22].

The vascular normalization strategy on the other hand, which has been used in the clinic 

during the last 10 years [9, 23], is based on the notion that the tumor vasculature needs to be 

brought closer to a more “normal” state to be functional. Vascular normalization is achieved 

with judicious doses of anti-angiogenic drugs, targeting mainly Vascular Endothelial Growth 

Factor (VEGF) or its receptors. Thus, vascular normalization restores tumor perfusion by 

fortifying the vessel wall and the vascular network structure, which also decreases interstitial 

fluid pressure due to the reduced amount of fluid leaking from the vessels. Anti-angiogenic 

treatments worked well in preclinical models but failed in clinical trials [24], and 

combinatorial approaches have been employed extensively both in preclinical and clinical 

studies with varying degrees of success [9, 25] whereby the anti-angiogenic drug aims to 

normalize and not destroy the vessels and it is combined with chemotherapy to eradicate the 

tumor.

Apart from anti-angiogenic treatment, tumor perfusion and tumor vessel function can be 

significantly improved using metronomic chemotherapy [26], in which lower doses of the 

chemotherapeutic agent are administered more frequently. In fact, metronomic 

administration is currently being tested in clinical trials, as it was shown to be more 

efficacious than maximum tolerated dose treatment in preclinical studies [27].

Strikingly, evidence from mathematical modeling shows that the combined use of vascular 

normalization and stress-alleviation strategies may be more beneficial for certain tumor 

types [28]. For instance, while vascular normalization is considered to be more effective in 

tumors with highly permeable and uncompressed vessels, such as a subset of glioblastomas; 

stress-alleviation should be more effective in tumors with less permeable and highly 

compressed vessels such as pancreatic cancers. Thus, it is only plausible to suggest that a 

combined strategy will be ideal for tumors with highly permeable but compressed vessels, 

such as certain types of breast cancer.
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Cancer development at inflammation sites

It has been noted that malignant tumors often develop at sites of chronic injury, infection, or 

inflammation [29]. In fact, although the first connection between inflammation and cancer 

was made as early as 1983, the concept is still (but progressively) gaining ground [30]. It has 

become evident that many malignancies originate in areas of infection and inflammation, as 

a result of normal host response [31], which induces chronic inflammation. Immune cells 

generate reactive oxygen species (ROS) and nitrogen species to fight infection leading to 

DNA damage in proliferating cells, which, when occurring repeatedly, induces permanent 

genomic alterations that promote cancer. Indeed, mutations in the tumor suppressor p53 

gene are equally frequent in tumors and in chronic inflammatory diseases such as 

rheumatoid arthritis and inflammatory bowel disease [29]. Similarly, patients with 

inflammatory bowel disease or chronic ulcerative colitis are prone to developing colon 

cancer [32–34]; hepatitis C patients are predisposed to developing liver carcinoma [35]; 

chronic Helicobacter pylori infection is the world’s leading cause of stomach cancer [36]; 

and pancreatitis is associated with development of pancreatic cancer [32]. Lastly, obesity, 

which is considered as a condition of low level chronic inflammation, has been associated 

with accelerated tumor progression, decreased response to treatment, and poor prognosis. 

This observation demonstrates that dysfunctional angiogenesis and inflammation in the 

adipose tissue of obese patients promotes tumor progression and chemotherapy resistance 

[37].

Can targeting inflammation improve tumor drug delivery?

It has been long known that a hallmark of inflammation is increased vascular permeability, 

which leads not only to extravasation of inflammatory and immune cells by a yet unknown 

mechanism [38], but also to the escape of a protein-rich fluid into the extravascular tissue. 

This, in turn, results in increased pressure of the interstitial fluid which ultimately causes 

fluid accumulation in the tumor interstitial space. This increased extravascular fluid is 

known as edema and is one of the main characteristics of inflammation [39]. Thus, the leaky 

nature of blood vessels in inflammation bears similarities to the leaky vessels seen in 

tumors, providing another link between inflammation and cancer.

The key differential concept between leaky vessels in inflammation and cancer is that vessel 

leakiness in inflammation is self-limiting being resolved by itself via the action of certain 

inflammation resolution mediators, whereas cancer is associated with further deregulation 

that is not easily resolved. Hence, targeting inflammation may be an alternative approach to 

increase tumor drug delivery (Figure 1, Key Figure) either by targeting the molecular 

mediators of inflammation resolution, or via the use of Non-Steroidal Anti-Inflammatory 

Drugs (NSAIDs).

Inflammation resolution mediators

Inflammation resolution mechanisms are in place to ensure subsiding of inflammation-

related symptoms, including reversal of vessel leakiness. In fact, for successful resolution 

of inflammation, normal vascular permeability has to be restored first [40]. However, 
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although the mediators and signaling mechanisms that lead to inflammation are well-

characterized, little is known about the factors that mediate resolution of inflammation.

During inflammation, a number of pro-inflammatory lipid mediators, primarily derived from 

arachidonic acid (AA), are produced. AA is converted to various potent lipid mediators by 

cyclooxygenases (COX) and lipoxygenases to produce prostaglandins and leukotrienes. 

Indeed, COX enzymes convert AA into 10 subclasses of prostaglandins that are important in 

inflammation, while excessive production of prostaglandins and leukotrienes is correlated 

with progression from acute to chronic inflammation [41].

Several studies indicated that inflammation resolution depends greatly on the expression of 

specific cytokines [42–44] such as interleukin (IL)-10 and transforming growth factor-β 
(TGF-β), and lipid mediators such as lipoxins [43], protectins, and resolvins [45–47]. 

Moreover, self-limited inflammation resolution following acute inflammation is a co-

ordinated event initiated by an active “class switch” from prostaglandins and leukotrienes 

inflammatory mediators to resolvins, lipoxins, protectins, and maresins through complex 

processes involving multiple enzymes and cell types [48]. Lipoxin A4 (LXA4) is formed 

from AA, D resolvins, maresins and protectins are formed from Docosahexaenoic acid 

(DHA), and E resolvins from eicosapentaenoic acid. Both, DHA and eicosapentanoic acid 

are Ω-3 polyunsaturated fatty acids (PUFAs). Interestingly, despite the fact that 

inflammation resolution (and hence the production of inflammation resolution mediators) is 

a physiological process, aspirin-triggered inflammation resolution mediators have been 

reported (LXA4) [41]. Therefore, resolution mediators are not only produced during the 

physiological independent co-ordinated inflammation resolution process, but can also be 

triggered by NSAIDs such as aspirin.

NSAIDs may be beneficial not only by inhibiting COX, but also by triggering inflammation 

resolution mediators. However, evidence on the use of resolution mediators in cancer animal 

models is sparse, and its use in cancer patients has not been investigated yet [47]. A 

summary of the main characteristics of the most important inflammation resolution 

mediators is shown in Table 1.

NSAIDs

Several studies showed that long-term users of aspirin and NSAIDs have lower risk of 

developing cancers of the colon, lung, oesophagus, and stomach [49, 50]. Thus, it is not 

surprising that NSAIDs, and especially COX-2 inhibitors [51], have been proposed as 

potential anti-cancer agents [49, 51, 52]. However, the exact mechanism of NSAIDs’ action 

on tumors is not known [53].

In a rat glioma model, NSAID's were found to diminish tumor-induced protein extravasation 

caused by intracranial gliomas [54], suggesting that NSAIDs inhibit tumor-related vascular 

hyper-permeability. In another study, vascular permeability assays and mouse corneal 

models of angiogenesis were used to examine the efficacy of systemic treatment with 

different NSAIDs on vascular hyper-permeability [55]. This study showed that systemic 

application of most NSAIDs, except for acetaminophen (a non NSAID with antipyretic, 

analgesic but no anti-inflammatory properties), blocked VEGF-induced permeability in 

Gkretsi et al. Page 5

Trends Cancer. Author manuscript; available in PMC 2018 March 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



mice, suggesting, although not proving, that NSAIDs are effective at suppressing vascular 

leakiness [55]. A summary of the main characteristics of the most widely-used NSAIDs is 

shown in Table 2. In brief, NSAIDs are divided into selective and non-selective COX 

inhibitors. Selective are those targeting mostly COX-2 that is inducible and activated in 

inflammatory settings, and non-selective are those targeting both COX-1 (constitutively 

expressed/housekeeping) and COX-2. All NSAIDs (Table 2), have analgesic and anti-pyretic 

as well as anti-inflammatory properties), and constitute different chemical classes namely, 

acetic acid derivatives, propionic acid derivatives, para-aminophenol derivatives, oxicams, 

fenamates, and salicylates, which comprise the non-selective NSAIDs. Selectivity of these 

NSAIDS to COX-1/COX-2 is variable, and COX-1 inhibition is considered a “side effect” 

bringing gastrointestinal mucosa irritation and anti-platelet activity. Some of them inhibit 

COX-1 and COX-2 with comparable potency (e.g. ibuprofen and ketoprofen-propionic acid 

derivatives), some have intermediate to higher potency for COX-2 selectivity than COX-1 

(meloxicam/oxicam, diclofenac/acetic acid), and others are highly selective for COX-2 

(rofecoxib). Finally, acetyl-salicylic acid is more selective for COX-1 than COX-2 [56].

It should also be noted that macrophages constitute a major component of tumor stroma and, 

in fact, tumor-associated macrophages are known to show anti- (M1) or pro- (M2) tumor 

functions depending on the cytokine milieu of the tumor microenvironment. Indeed, this 

macrophage shift from pro-tumor M2 phenotype to anti-tumor M1 phenotype has been 

proposed as a beneficial anti-cancer therapeutic target [57, 58]. Importantly, there is 

evidence indicating that COX-2 is an important participant in macrophage polarization [59]. 

In that regard, inhibition of COX-2 activity inhibits hypoxic cancer cell-induced M2-

polarization of macrophages [59], and use of the selective COX-2 inhibitor celecoxib (Table 

2) changes macrophage phenotype from M2 to M1 in a mouse model of colon cancer [60]. 

Moreover, similar effect was recently seen using the lipid mediator lipoxin LXA4, (Table 1) 

[61]. Thus, all of the above suggest that COX-2 inhibition or inflammation resolution 

mediators have a great potential as possible anti-cancer treatment modality.

In conclusion, NSAIDs may have the potential to inhibit vascular hyper-permeability by 

inhibiting COX enzymes thus reducing prostaglandin synthesis, while inflammation 

resolution mediators may also play a role in restoring vascular permeability by their actions.

Additionally, NSAIDs have also been shown to be potential chemopreventive agents. 

However, it has not been shown whether co-administration of NSAIDs with chemotherapy 

improves drug delivery, survival or reduces metastasis.

We reviewed two highly desmoplastic cancer types, breast and pancreatic cancer, to 

demonstrate what is already known with regard to NSAID use in these cancers.

NSAIDs in breast and pancreatic cancer—The idea of using NSAIDs in breast cancer 

is not exactly new, as many studies use aspirin and other NSAIDs or even precursors of 

resolution inflammation mediators, such as PUFA including DHA as chemopreventive 

agents against breast cancer [62, 63]. In fact, regular use of aspirin and possibly other 

NSAIDs seem to decrease breast cancer risk [64], while ibuprofen exerts a protective but 

marginal effect regarding recurrence [65]. The fact that increased expression of COX-2 has 

Gkretsi et al. Page 6

Trends Cancer. Author manuscript; available in PMC 2018 March 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



been found in breast cancer [66] also indicates that NSAIDs could be beneficial for breast 

cancer treatment. However, evidence of the clinical benefits of NSAIDs use in breast cancer 

are currently too limited [66–68], while epidemiological studies on use of NSAIDs in breast 

cancer are conflicting, rendering further experimental investigation imperative [65].

Regarding pancreatic cancer, little is known about the effect of NSAIDs on the progression 

of the disease. A recent study in pancreatic cancer patients indicated that high-dose aspirin, 

rather than low-dose aspirin, might be associated with decreased risk for pancreatic cancer 

[69] while another meta-analysis study did not show any association between NSAIDs and 

pancreatic cancer [70]. Other studies suggest though that NSAIDs in pancreatic cancer need 

further investigation as the COX-2 gene is expressed in 67-90% of pancreatic cancer tumors 

[71, 72]. Furthermore, COX-2 inhibitors have been shown to inhibit the growth and 

metastasis of established tumors [73], while the mechanisms involved have not been fully 

elucidated.

As mentioned above, NSAIDs are known to inhibit angiogenesis [74] and vascular 

permeability, but little is known regarding their effect on ECM. A study showed that 

NSAIDs also inhibit production of fibrillar collagen as well as cell migration [75] but 

evidence is limited. Accordingly, use of NSAIDs and possibly other anti-inflammatory 

agents could target both the vascular and the desmoplastic component of tumors.

Concluding remarks

In this article, we discuss a different approach to improve drug delivery to solid tumors, 

taking into account the fact that malignant tumors tend to develop at sites of chronic injury, 

infection or inflammation [29, 32]. In fact, similarly to vessel leakiness observed in tumors, 

inflammation is also characterized by vascular hyper-permeability which leads to edema. 

However, the key difference between the two conditions is that acute inflammation (and 

hence vessel leakiness) is self-limiting, being easily resolved through mechanisms involving 

lipoxins, protectins and resolvins [48], which is not the case for cancer. Therefore, as both 

cancer and inflammation lead to leaky blood vessels, which compromises delivery of 

chemotherapy in cancer, an alternative approach proposed in this opinion article would be to 

test the ability of anti-inflammatory agents as an alternative way to increase drug delivery to 

the tumor. Of course, several questions remain to be addressed (see “Outstanding 

Questions”), opening the way to repurposing NSAIDs and inflammation resolution 

mediators for optimizing drug delivery to the tumor. First, it would be important to 

investigate whether administration of known NSAIDs or inflammation resolution mediators 

along with chemotherapy improves vessel leakiness and subsequently, chemotherapy 

delivery. Such an effect would mean that we can achieve more effective treatment with lower 

doses of the cytotoxic drug. Moreover, it should be further investigated whether anti-

inflammatory drugs can enhance the effectiveness of anti-angiogenic agents to normalize the 

tumor vasculature or whether they act by a different mechanism. Furthermore, the exact 

molecular mechanism of NSAID action needs to be elucidated to determine whether COX 

inhibition is fundamental or other mechanisms are involved. Revelation of this implicated 

mechanism will shed more light into relevant research and also provide the basis for other 

therapeutic agents that need to be investigated in the same context. For instance, it would be 
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quite significant to test if PUFAs could also act as chemopreventive agents by producing 

inflammation resolution mediators and normalizing tumor vasculature, or if other anti-

inflammatory agents, including anti-diabetic drugs (e.g., metformin and rosiglitazone) can 

be used alone or in combination with common vascular normalization agents to improve 

drug delivery. Along the same line, the study of the role of corticosteroids needs not to be 

neglected, as they comprise an important group of potent anti-inflammatory drugs. In 

addition, corticosteroids have immunosuppressive and other properties of palliative nature, 

which are useful in cancer. All these properties, though, are mediated via the nuclear 

glucocorticoid receptors, making the study of these drugs more difficult and complex than 

other anti-inflammatory agents. However, they may be promising for facilitating cancer 

treatment as they inhibit tumor growth via downregulation of tumor associated inflammation 

[76].

Thus, the avenues that are being opened are immense with many exciting questions waiting 

to be addressed potentially leading to improved intratumoral drug delivery and subsequently, 

a better therapeutic outcome.
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Outstanding Questions

• Can inflammation resolution mediators and NSAIDs reverse vascular 

leakiness and improve tumor drug delivery?

• Can anti-inflammatory drugs enhance the effectiveness of anti-angiogenic 

agents to normalize the tumor vasculature?

• Is the effect of selected NSAIDs due to COX inhibition or other novel 

mechanisms?

• Can PUFA act as chemopreventive agents by resolving inflammation and 

normalizing tumor vasculature?

• How aspirin is different from other NSAIDs in cancer?

• Can other anti-inflammatory agents, such as corticosteroids, or anti-diabetic 

drugs (e.g., metformin and rosiglitazone) be used alone or in combination 

with already used agents for vascular normalization?

Gkretsi et al. Page 12

Trends Cancer. Author manuscript; available in PMC 2018 March 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Trends

• Drug delivery to the tumor is often compromised due to vascular hyper-

permeability (leakiness) of tumor blood vessels or vessel compression, both 

of which can lead to inefficient delivery of the cytotoxic drug and therapeutic 

failure.

• Methods of vascular normalization aim to fortify the tumor vessel wall 

reducing vessel leakiness and thus, they may improve drug delivery to the 

tumor enhancing the efficacy of therapeutic agents.

• Vascular normalization is usually achieved with the use of anti-angiogenic 

agents.

• Vessel leakiness can be potentially reversed by NSAIDs and/or inflammation 

resolution mediators, inducing vessel normalization and improving tumor 

drug delivery.
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Glossary

CAF: cancer-associated fibroblast, a highly enriched stromal cell population in the tumor 

microenvironment implicated in cancer cell invasion and fibrosis.

COX: cyclooxygenase, an enzyme responsible for the formation of prostanoids such as 

prostanglandin, inhibition of which can provide relief from pain and inflammation 

symptoms. There are two types of COX enzymes, COX-1 and COX-2, both of which 

produce prostaglandins. However, COX-1 enzymes produce baseline levels of 

prostaglandins that activate platelets and protect the lining of the gastrointestinal tract, 

while COX-2 enzymes produce prostaglandins in response to infection or injury.

Desmoplasia: also known as desmoplastic reaction, is the abnormal growth of fibrous 

tissue. It is often present around tumors and it is characterized by the accumulation of 

extracellular matrix.

ECM: extracellular matrix, is the non-cellular solid component that surrounds cells 

within tissues and organs providing support as well as basic biochemical and molecular 

signals needed for fundamental cellular processes such as development, differentiation, 

growth, homeostasis, and survival.

Edema: medical term for swelling caused by excess fluid within the tissues.

IFP: Interstitial Fluid Pressure, is the hydrostatic pressure of the fluid phase of a tissue.

Metronomic chemotherapy: More frequent and at lower doses administration of 

chemotherapy.

NSAIDs: Non-Steroidal Anti-Inflammatory Drugs, a class of drugs that includes drugs 

with analgesic and anti-pyretic effects. Although different NSAIDs have different 

structures, they all work by inhibiting COX enzymes.

PUFAs: polyunsaturated fatty acids, are fatty acids that contain more than one double 

bond in their backbone.

ROS: reactive oxygen species, are reactive molecules and free radicals derived from 

molecular oxygen, such as hydrogen peroxide, superoxide, hydroxyl ion and nitric oxide. 

They are mainly produced as byproducts during aerobic respiration and mitochondrial 

electron transport, in particular. They are implicating in cell signaling related to apoptosis 

and are associated with a number of deleterious events while elevated rates of ROS have 

been detected in almost all cancers.

TGF-β: transforming growth factor-β, a multifunctional secreted cytokine involved in 

processes such as cell proliferation, differentiation and apoptosis.

Vascular permeability: generally refers to the capacity of the blood vessel wall to allow 

the flow of molecules such as drugs or nutrients in and out of the vessel.

Vascular hyper-permeability: dramatic increase in vascular permeability observed in 

acute and chronic inflammation, wound healing and cancer.
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VEGF: Vascular Endothelial Growth Factor, a growth factor known to promote 

angiogenesis.
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Figure 1. Key Figure: Main strategies to improve drug delivery to tumors.
Stress alleviation decompresses tumor blood vessels by targeting tumor ECM (desmoplasia); 

whereas vascular normalization reduces tumor vessel wall permeability. Both strategies can 

improve perfusion and drug delivery. Anti-inflammatory treatment is proposed as an 

alternative to anti-angiogenic treatment to induce vascular normalization.
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Table 1
Characteristics of inflammation resolution mediators

Name of inflammation 
resolution mediator [41,77]

Other pertinent information

Lipoxin LXA4 ↓Angiogenesis and cell proliferation, ROS, adhesion, and pro-inflammatory cytokines

Resolvin RvD1 ↓ adhesion receptors, neovascularization, ROS and pro-inflammatory cytokines

DHA Precursor of D resolvins with antixodant, anti-proliferative, and anti-metastatic effects

Resolvin RvE1 ↓ DC IL-12 production and migration, inflammatory actions of COX-2, ↑ LXA4 production and 
polymorphonuclear detachment, blocks polymorphonuclear chemotaxis

Resolvin RvD2 ↓ polymorphonuclear adhesion to endothelial cells

Maresin-1 ↓ Neutrophil number in exudates, transendothelial polymorphonuclear cell migration
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Table 2
Characteristics of representative NSAIDs drugs

Name of NSAID [78] Target COX Chemical Class

Indomethacin COX1 & COX2 Acidic acid derivative

Naproxen COX1 & COX2 Propionic acid derivative

Celecoxib COX2 Diaryl heterocyclic compound

Ibuprofen COX1 & COX2 Propionic acid derivative

Aspirin COX1 & COX2 Salicylates

Ketoprofen COX1 & COX2 Propionic acid derivative

Pyrox COX1 & COX2 Enolic acids (Oxicams)

Mephenamic acid COX1 & COX2 Fenamates
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