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ABSTRACT A chronic inflammatory state (CIS) commonly accompanies advanced 
cancers. Elements of a CIS include aberrant immune system activity and changes 
in hypothalamic-neuroendocrine control mechanisms. The end result is stimulation 
of tumour growth and metastases. In addition to tumour stimulation, cancer 
symptoms may be enhanced. While for most symptoms correlation with a CIS 
remains tenuous, clearly a CIS is linked to the aetiology of the cancer anorexia-
cachexia syndrome. To date clinical studies aimed at a CIS are modest, but the 
increased understanding of the partnership of a CIS, cancer progression and 
anorexia-cachexia must lead to targeting a CIS in concert with conventional 
efforts to directly destroy tumour tissue.
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This oncologist through most of his career held the 
view, perhaps shared by others, that evidence of an 
immune reaction around a tumour was a favourable 
finding. Even in those patients with far advanced 
cancers, this accumulation of myeloid cells, lymphocytes, 
macrophages and fibroblasts represented a valiant 
defense against the inevitable. 

My views changed sharply after reading a 2001 paper by 
Balkwill and Mantovani1 which mustered the evidence that 
rather than attacking an advanced cancer, immune cells 
were more often complicit in stimulating cancer growth 
and metastases. We were reminded that chronic 
inflammation commonly establishes the soil for malignant 
transformation. Examples include chronic bowel and 
respiratory conditions and a host of chronic viral illnesses. 

Clearly an acute inflammatory response is key to our 
survival. There are two components to this response; 
mobilisation of the innate immune system, followed by 
activation of the adaptive component. Innate immunity is 
the body’s first line of defence against injury or invasion 
of a pathogen. A range of leukocytes are attracted to the 
injury site; many produce cytokines, which stimulate 
angiogenesis and factors encouraging cell proliferation 
needed for repair. Innate system activity is followed by 
the adaptive response, characterised in part by the 
rallying of cytotoxic T cells with the capacity to identify 
foreign antigens and to attack and kill cells or organisms 

demonstrating those antigens. Cells in each system may 
adopt a T-helper (Th) type 1 or 2 mode of action; for 
example Th1 macrophages produce cytokines (e.g. 
interleukin [IL]-12, IL-15) which enhance cytotoxic T cell 
production, while Th2 oriented macrophages produce 
cytokines (e.g. IL-6, IL-4) which counter Th1 actions and 
stimulate cell and blood vessel growth.2,3 The principal 
leukocyte populations in and around an advanced 
tumour are listed in Table 1. 

Normally, acute inflammation subsides with the repulse 
of an invading pathogen and repair of damaged tissue. 
However if the tap is left on and a systemic chronic 
inflammatory state (CIS) ensues, dire consequences 
follow. A CIS commonly accompanies many chronic 
illnesses including chronic heart failure, chronic 
obstructive pulmonary disease, chronic renal failure, 
Alzheimer’s Disease and elderly fragility states. Markers 
of chronic inflammation are also found in the caretakers 
of the chronically ill. 

Tumour Microenvironment

Immune cells of the innate and adaptive systems are 
attracted to the tumour milieu. Components of the 
innate and adaptive system may marshal immune 
defences to attack cancer cells when tumours are 
localised and surgically resectable. In these circumstances 
the beneficial effects of lymphocyte infiltration into the 
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table 1 Innate and adaptive immune cells involved in 
regulating tumour growth (With permission. Disis M. 
Immune regulation of cancer. J Clin Oncol 2010;28:4532)

Stimulate cancer growth Inhibit cancer growth

Innate immune cells

Neutrophils Dendritic cells*

Macrophage (M2) Macrophage (M1)

Myeloid–derived 
suppressor cells

Adaptive immune cells

Th2 CD4+ T cell Cytotoxic CD8+ T cell

CD4+ T regulatory cell Th1 CD4+ T cell

B lymphocytes* Th17 CD4+ T cell

Abbreviation: Th=T-helper. 
*Have been associated with both stimulation and inhibition.

tumour has been demonstrated.4 Studies to enhance 
tumour antigenicity and to stimulate immune cell 
response to tumours occupy the attention of many 
research laboratories today.5

The immune response to advanced cancer is usually 
not helpful. Many immune cells may produce cytokines 
that, as occurs with acute inflammation, enhance new 
vessel formation and local cellular growth. Now 
however, those characteristics are unwelcome, as they 
enhance tumour progression and neo-vascularisation 
furthers metastatic seeding. Moreover, cancer cells also 
acquire the ability to make pro-inflammatory cytokines. 
In light of current knowledge, most cytokines will  
stimulate cancer progress, some stimulate cells to 
mount a cytotoxic tumour response, and some have 
more nuanced dual actions, either favouring or limiting 
tumour activity depending on constantly changing local 
biologic circumstances.6

The primary cause of a CIS is not known. We do know 
that contributory chemokine and cytokine production 
does not resemble an orderly cascade where one 
begets another in linear fashion. Rather, a ‘vicious circle’ 
model exists whereby cytokines may induce self-
propagation through intermediaries which in themselves 
promote inflammation. The STAT3 intra-cellular 
transcription system provides an excellent example. 
interleukin-6 (IL-6) once induced, will in turn upregulate 
STAT3 which, in addition to other pro-inflammatory 
activity, will stimulate further production of Il-6. A 
dynamic panorama, constantly in flux, is present.7 

Immuno-Endocrine Aberrations 

Reflecting the complexity of a CIS, a number of non-
cytokine partners are key participants. Aberrant activity 
of the hypothalamic-neuroendocrine system is a hallmark 
of a CIS. Typically, there is increased corticotrophin/
cortisol production, but the normal diurnal cortisol 

rhythms are often altered.8 Testosterone is commonly 
reduced, particularly in males on opioids. Both central 
and gonadal failure may be exhibited, differing from 
patient to patient.9 Both cortisol and testosterone have 
anti-inflammatory properties, although changes in 
diurnal production appear to blunt the cortisol effect. 

Alterations in hypothalamic regulation of the autonomic 
nervous system have major effects. Catecholamine 
production is often increased in advanced cancer 
patients while vagal tone is reduced. Although 
norepinephrine and epinephrine are essential to the 
acute ‘fight or flight’ situation, their influence is malign in 
a CIS as they stimulate cancer cell growth and metastatic 
activity;10 dopamine has an opposite effect in keeping 
with the balanced physiologic systems observed in all 
aspects of human physiology.11

Enhanced catecholamine activity is in the ascendancy as 
tumours progress. There are many animal studies which 
support this concept. Examples include:

1. 	 Tumour growth:  A seminal report by Riley on the 
protective effects of stress relief on the growth of 
the Bittner virus induced breast cancer in mice.12 

Lee et al: Ovarian cancer cells in nude mice – 
surgical stress promotes tumour size and volume 
which is attenuated by propanolol, a beta blocker.13

2. 	 Metastases: Sloan et al. Breast cancer mouse model 
– a thirty-fold increase in metastases was induced by 
chronic stress (restraint). The process is mediated 
by a macrophage population which induced gene 
expressions giving tumour cells metastatic potential. 
Beta-adrenergic upregulation is key as a beta-
antagonist, propanolol, inhibits the process.14 

3. 	 Inflammatory cytokines:  Yang et al. Human melanoma 
line – norepinephrine upregulated vascular 
endothelial growth factor (VEGF), IL-6 and IL-8 
production together with upregulation of β1 and β2 
adrenergic receptors.15

4. 	 Tumour immunity: Norepinephrine and cortisol 
promote a switch from the Th1 immune pattern to 
Th2 pattern with consequent decrease in immune 
defences against tumours.16 

Human evidence

Here studies are less consistent and open to conflicting 
interpretations. Some evidence of note:

1. 	 Effects of childhood stress: Long-term adverse 
childhood experiences (examples include family 
strife, parental drug/alcohol addiction, physical 
abuse) can leave a lasting effect upon victimised 
children. In adult life these children may be subject 
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to illnesses commonly associated with chronic 
inflammatory states.17,18

2. 	 Psycho-social therapies: In 1989 Spiegel et al reported 
in a randomised trial of metastatic breast cancer 
patients that group counselling improved both quality 
and length of life in the treatment group.19 
Subsequently, efforts to repeat this finding using his 
exact method or other counselling initiatives have 
yielded negative uncertain results.20,21 Almost all 
studies involve breast cancer patients who may have 
lower inflammatory profiles. Fawzy published a 
positive clinical trial which enlisted advanced 
melanoma patients.22 

3. 	 Social isolation and support: The weight of evidence 
suggests that social isolation and lack of social 
support increases the incidence of adult chronic 
inflammatory states.23,24

4. 	 Beta blocker studies in breast cancer: A recent 
retrospective study reports that newly diagnosed 
breast cancer patients who happen to be on a beta 
blocker have a prolonged disease-free interval and 
possibly increased overall survival. The effect is most 
marked in the worst prognostic group: those with 
‘triple-negative’ markers.25 The type of beta blocker 
may be important, as propanolol, not atenolol, was 
associated with survival in one study.26 Beta blockers 
do not appear to influence tumour initiation, but 
seem to cut down primarily on the rate of tumour 
growth and metastases formation.27

CHRONIC INFLAMMATORY STATE MARKERS

We are in an era of personalised medicine, a time when 
we search for biologic markers which help us tailor 
therapies for patients after analysing the biologic 
characteristics of their tumours.

The presence of a CIS is readily detected by simple, 
inexpensive tests. C-reactive protein (CRP), a circulating 
acute phase liver protein, is the most studied inflammatory 
marker, linked as it is to inflammatory cytokine activity, 
notably IL-6. C-reactive protein is one of a family of 
acute phase proteins (APP). Fibrinogen, an APP, when 
increased, also connotes a poor prognosis. Other 
footprints include high neutrophil-lymphocyte ratios, 
high platelet-lymphocyte ratios and low albumin; the 
latter is usually a late finding in advanced cancer patients. 
Research is underway to link these test results into 
clinically useful prognostic systems. Combinations linking 
CRP-albumin or CRP-neutrophil counts appear to be 
the best prognostic scales.28 The modified Glasgow 
Prognostic Score (mGPS) is finding its way into practice 
and has been validated by several groups. Scottish teams 
(led by DC McMillan and K Fearon) are the leaders in 
this field. McMillan and colleagues have convincingly 

demonstrated that when a baseline CIS is present, 
regardless of stage, the patient’s future is likely to be 
grim.29 Is this outcome solely because of the tumour 
stimulating effects of a CIS? Perhaps not; a modest body 
of work suggests that a CIS can interfere with the 
pharmacokinetics and pharmacodynamics of certain 
chemotherapy drugs.30,31 The impact on trial participation 
and drug response is not known, although a few small 
trials suggest that both the likelihood of a patient 
completing a course of therapy and benefitting from it 
may be compromised.32–35

INFLAMMATION: Influence on Cancer 
Symptoms

A CIS is associated with many cancer symptoms; three 
are selected for further discussion.

Sleep

Insomnia is a common complaint of cancer patients. Its 
consequences of increased time for worrisome 
ruminations and daytime fatigue are clearly evident. 
Insomnia has more ominous connotations as it is 
sometimes a manifestation of an underlying CIS. Poor 
sleep is associated with a raised CRP, while inflammation 
is known to further disturb sleep patterns.36 

Sleep disturbance also interferes with circadian rhythms; 
sympathetic activity is increased and normal cortisol 
fluctuations are flattened.37 A single root cause is not clear, 
but it is certain that sleep interference links both patient 
distress and harmful underlying inflammatory activity. 

Can controlling inflammation with better sleep hygiene 
and/or hypnotics break the vicious circle? The answer is 
unknown today; it is nevertheless sensible to employ our 
imperfect therapies to establish restful sleep as best we 
can while encouraging research on anti-inflammatory 
approaches to insomnia relief. 

Fatigue

Chronic fatigue, unrelieved by rest, is among the most 
common causes of suffering, both in those with advanced 
cancer and in those with cancer amenable to treatment 
with chemoradiotherapy.38 

A CIS, determined by inflammatory cytokine levels and 
neuroendocrine abnormalities may be a hallmark of 
some fatigue states. In healthy people (adolescents and 
short-term shift workers), increased norepinephrine 
correlates with a sense of fatigue.39,40

Recently, Fagundes et al41 reported in a study of women 
receiving adjunct chemotherapy that 53% stated they 
were chronically fatigued some months after 
chemotherapy. These patients had significantly higher 
norepinephrine plasma levels and reduced heart rate 
variability (HRV) reflecting lowered vagal-parasympathetic 
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activity at baseline and after a standard psychological 
stress test (giving a speech). Norepinephrine and HRV 
changes were not correlated, suggesting that sympathetic 
and parasympathetic tone may act independently to 
mediate fatigue. 

Arguably, exercise is the only established therapy for 
cancer fatigue. Cardiovascular fitness is associated with 
increased vagal tone, as demonstrated by increased 
HRV.42 This may be a mechanism whereby exercise 
improves chronic fatigue. 

The anorexia-cachexia syndrome

The symptom complex most commonly linked with a 
CIS is the anorexia-cachexia syndrome (ACS). It is also 
one of the most devastating problems affecting the lives 
of advanced cancer patients and their families. The 
impact of the ACS is profound; it is commonly 
encountered across the spectrum of cancer, occurring in 
approximately 50% of advanced pancreas and lung 
cancer patients at the time of diagnosis. The ACS is less 
commonly encountered in breast cancer and lymphoma 
patients at presentation, with other cancer types ranging 
between these extremes. As death approaches, however, 
its incidence steadily increases across the board. 

The ACS contributes directly to impaired quality of life, 
morbidity and mortality. A litany of adverse outcomes 
associated with ACS includes:

•	 Reduced functional capacity
•	 Increased adverse effects of therapy
•	 Decreased treatment options
•	 Dependency on family members and healthcare 

institutions
•	 Increased healthcare costs

A similar syndrome of decreased appetite, weight loss, 
fatigue and functional impairment is encountered in 
virtually all of the ultimately fatal non-malignant disorders,  
notably heart failure, chronic obstructive pulmonary 
disease, chronic renal failure and the frail elderly. In these 
disorders a CIS is also commonly present. This is an 
observation of practical import as studies on one 
disorder will translate into better understanding and 
therapies in the other disorders.

Wasting cancer patients have a plethora of reasons for 
reduced intake: 

•	 Cognitive impairment, delirium
•	 Depression, fatigue
•	 Pain, dyspnoea
•	 Stomatitis, taste alteration
•	 Dry mouth
•	 Dysphagia, odynophagia
•	 Gastric stasis
•	 Bowel obstruction

•	 Nausea and vomiting
•	 Severe constipation

These contributory factors are packaged under the 
rubric of ‘secondary cachexia’ in distinction from the 
metabolic dysfunctions, often CIS-induced, grouped as 
‘primary cachexia’. While useful in the clinic (each 
secondary cause must be specifically identified, as 
distinct therapies apply) many of the secondary problems 
are probably closely linked to primary cachexia. For 
example, depression is linked to a CIS.43,44 A full range of 
bowel problems may relate to an altered sympathetic/
parasympathetic activity ratio. 

Anorexia

Cancer patients suffer a host of symptoms that lower 
appetite. One eats poorly if in pain, struggling for breath, 
or with a bowel distended with stool. At the heart of 
cancer anorexia, however, is a centrally mediated process 
which contributes to the so-called secondary mechanisms 
outlined above but which, even in their absence, leave the 
patient with no interest in or indeed revulsion for food.

There are two main central nervous system (CNS)  
centres which control appetite:

The hypothalamus: There are neuronal pathways in and 
around the paraventricular and arcuate nuclei which 
control energy intake. Neurotransmitters in this region 
induce appetite, while an alternate set of 
neurotransmitters cause a sense of satiety when we 
have restored energy intake. This equilibrium is commonly 
disturbed in advanced cancer patients.45 

The appetite-stimulating pathway is activated by 
peripheral messages relayed through the vagus nerve 
and by the circulating hormone, ghrelin, produced in the 
stomach. Hypothalamus cells are induced to produce 
neurotransmitters which produce a sense of hunger. 
When satisfied, an opposing system is turned on which 
negates interest in food ingestion. Prominent on this side 
of the equation is alpha melanocyte stimulating hormone 
(αMSH), which is a cleavage product of the pro-
opiomelanocortin family and whose melanocyte activity 
is upregulated in cancer anorexia by cytokines, both 
circulating and produced locally by microglia. The most 
prominent cytokines in this process appear to be 
interleukin 1-β and Leukemia Inhibitory Factor (LIF).46 
Following activation of the type 4 melanocortin receptor 
(MC4) by αMSH, a linkage between appetite suppression 
and increased energy expenditure is noted,47 a seeming 
paradox wherein appetite is poor, yet energy demand is 
elevated. Increased sympathetic activity may be important 
to this process.

The solitary tract nucleus (STN): This brainstem nucleus is 
involved in appetite regulation and bowel motility. Here, 
again, appetite stimulating and suppressing systems 
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which mirror those in the hypothalamus are balanced in 
health. Vagal afferent information and circulating gut 
hormones such as cholecystokinin (an appetite 
suppressant) probably play a prominent role in STN 
regulation. The appetite suppression arm is, as in the 
hypothalamus, upregulated by cytokines; again IL-β is key 
to this process.48 

Cerebrum: Little is known about cerebral effects on 
appetite. Messages from the cerebrum are probably key 
in modulating our sense of food enjoyment. A virtual 
‘hedonistic centre’ has been postulated in which 
endocannabinoids may be important. Marijuana induces 
‘the munchies’ and may be operant here. Clinically, while 
marijuana research on energy intake is equivocal, a 
recent study reports that a cannabinoid may particularly 
enhance the taste of food.49 

Cachexia

'Cachexia' is an oft misunderstood word interpreted 
variously by those who use it. Lack of clarity has held back 
research and clinical care. Recently an international expert 
group published a consensus statement on cachexia:

Cancer cachexia is a multi-factorial syndrome defined 
by an ongoing loss of skeletal muscle mass (with or 
without loss of fat mass) that cannot be fully reversed 
by conventional nutritional support and leads to 
progressive functional impairment. The pathophysiology 
is characterised by a negative protein and energy 
balance driven by a variable combination of reduced 
food intake and abnormal metabolism.50

One notes their emphasis on muscle loss, an emphasis I 
will follow.

The image of the severely wasted patient is familiar to 
both physicians and lay people. Not so apparent is the 
seemingly well-nourished obese patient whose fat 
mantle masks major muscle loss. Baracos’ group, 
reviewing muscle mass quantified by routine 
computerised tomgraphy (CT) scans, have established 
that an obese cancer patient may have lost substantial 
muscle. As with the obviously wasted patient, the obese 
sarcopenic patient (using the simplified definition of 
sarcopenia as ‘loss of muscle mass’) is subject to 
diminished survival and treatment toxicity.51-53 Thus, 
regardless of the patient’s general appearance, if muscle 
wastes, negative consequences in prognosis, therapeutic 
opportunities and function follow.

In the patient with the anorexia-cachexia syndrome, 
muscle tissue is subject to many insults. These include:

•	 Diminished nourishment and synthesis second to 
anorexia

•	 Increased loss of muscle protein
•	 A mismatch between muscle factors stimulating 

synthesis (↓) and breakdown (↑)
•	 A downward spiral as patients progressively lose 

function as their capacity to exercise is reduced

A CIS is commonly a root cause of the above panorama. 
Prominent features of its multi-pronged assault include:

1. 	 Gene activations culminating in upregulation of the 
ubiquitin proteasome complex.54 This is one of the 
principal systems involved in balancing muscle 
synthesis and proteolysis; as its activity increases, so 
does enzymatic breakdown of muscle.55 The 
resultant amino acids are exported to fuel glucose 
production in the liver (gluconeogenesis.) The 
increased availability of glucose is welcomed by 
tumour cells which have often changed their mode 
of metabolism from oxidative phosphorylation to 
aerobic/anaerobic glycolysis, processes which 
require large quantities of glucose. A variety of 
cytokines are implicated as gene modifiers.56 

2. 	 Inflammatory factors may also decrease the 
actions of anabolic stimuli (testosterone, growth 
hormone, insulin).56

3. 	 Major contributors to the normal ‘yin-yang’ build-up 
and breakdown pattern in normal muscle are 
myostatin-activin (reduces synthesis and increases 
proteolysis) and MyoD (sustaining synthesis).57 Activin 
and myostatin are members of the TGFβ family which 
are upregulated, seemingly independent of other 
inflammatory cytokine action.

Proteolysis inducing factor (PIF)

This glycoprotein inhibits muscle synthesis and increases 
degradation, the latter effect by activating the ubiquitin-
proteasome system. It appears to be a tumour produced 
factor, apparently independent of host inflammation but 
it may induce liver cytokines.55 While established as a 
mouse factor and isolated from the urine of cachectic 
patients with cancer, its acceptance into the pantheon of 
factors causing cachexia has been controversial. 
Arguments have hinged on the lack of human capacity to 
glycosylate the core peptide normally present in humans. 
At present it appears that PIF is probably also a human 
cachectic agent, and it may be that glycosylation is 
limited to tumour cells.

EMERGING THERAPIES

While therapy will not be discussed in detail, new 
understanding of the anorexia-cachexia process will lead 
to more logical treatments. We have long had excellent 
appetite stimulants in corticosteroids and progestational 
agents; sadly they also induce muscle loss. To date there 
is no established therapy for the cachexia component. 
This scenario may change. 
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The importance of regular exercise in preventing muscle 
loss and maintaining function is now realised.58 We no 
longer advocate that patients ‘rest and preserve your 
strength’; rather increased activity within safe limits is 
stressed, together with increased intake of protein. 

Drugs under study include:

1. 	 Omega 3 fatty acids have a powerful inhibitory effect 
on many animal tumour models, presumably through 
their actions as inflammatory inhibitors.59 Human 
trials are not conclusive.60,61 Non-steroidal anti-
inflammatory drug (NSAID) studies are compelling. 
Ibuprofen can reduce muscle loss in an elderly rat 
model. Lundholm’s group reported in a series of 
studies the beneficial effects of indomethacin on 
cancer patient symptoms, weight loss and survival. 
62,63 This important body of work has not been 
sufficiently followed up by others. Future trials 
combining NSAIDs with other anti-inflammatory 
approaches are warranted.

2. 	 Selective androgen receptor modifiers (SARMs).64 

3. 	 Vitamin D.65

4. 	 Drugs that may enhance the muscle synthetic action 
of epinephrine-like drugs (β-agonists, formoteral is 
an example).66

5. 	 Drugs that block the adverse effects of undue 
sympathetic activation. Beta blockers increase 
adipose tissue in heart failure67 patients and inhibit 
muscle breakdown in burn patients.68 Herein lies 
another poorly understood paradox: which patients 
may benefit from seemingly opposing approaches?69 

6. 	 Inhibitors of specific cytokines, TNF antibodies are 
unsuccessful, IL-6 inhibition studies show potential.70 

7. 	 The most promising theme at present may be the 
reversal of activin-myostatin activity. At least four 
drugs have successfully reversed cachexia in rodent 
models with early promising phase I and II human 
trials.  A recent article in Cancer Cell by Zhou et al 
excited great interest.71 Activin ILβ antagonist (a 
decoy receptor) not only reversed cachexia, but also 
resulted in longer survival of tumour-bearing mice, 
notwithstanding that their tumours continued to 
grow. This is the first clear evidence that specific 
reversal of muscle loss can prolong life.

CONCLUSION

In 2011 we can reach several conclusions on chronic 
inflammatory states:

•	 Immune response often facilitates tumour 
progression.

•	 Tumour cells produce inflammatory chemical 
mediators assisting growth.

•	 Inflammatory mediators enhance some cancer 
symptoms.

•	 There is evidence that anti-inflammatory agents may 
modify the course of cancer.72 

•	 Will anti-inflammatory therapies improve life quality 
and quantity?

•	 Will relief of cachexia prolong survival?

Arising from these conclusions we can arrive at a logical 
set of approaches to the management of illness associated 
with a CIS.

•	 Impeccable symptom assessment and management 
from the point of diagnosis.

•	 Symptom care linked with other anti-chronic illness 
approaches from the time of diagnosis.

•	 Access to nutrition-rehabilitation programmes 
geared to strengthen and maintain function and 
control fatigue from the point of diagnosis.

•	 A change in research and educational priorities to 
reflect the importance of a CIS and commitment to 
interdisciplinary collaboration to optimise patient 
outcomes.

Our research priorities, certainly those controlled by 
the public purse, should be set to reflect the primacy of 
chronic inflammation and the need for programme 
research marrying specific efforts to kill cancer cells 
with optimal symptom control.
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