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Purpose of the Review

There is now good evidence in humans that a chsystemic inflammatory response
results in the cardinal features of cancer cach@xiacipally the progressive loss of weight
(in particular lean tissue). This review examittesrole of recent simple objective systemic
inflammation-based scores in predicting reductibnudritional status and survival.
Recent findings

The most common measure of the systemic inflamma&sponse in cancer patients
has been an elevated C-reactive protein concemiralihis has now been included in recent
definitions of cancer cachexia. There are alsentsystemic inflammation-based scores, the
Glasgow Prognostic Score, Neutrophil Lymphocytedrand the Platelet Lymphocyte ratio
which have been shown to have prognostic valuamter patients. These scores, in
particular the Glasgow Prognostic Score, enabletifileation of patients who are or likely to
develop cachexia, have a poor response to treatmeniho are likely to have poor survival.
Summary

A chronic systemic inflammatory response is cleariplicated in the progressive
nutritional and functional decline of the cancetigrat and their subsequent poor outcome.
Systemic inflammation-based prognostic scores niytidentify patients at risk but also

provide well defined therapeutic targets for futaliaical trials targeting nutritional decline.



Introduction

The process of nutritional and functional declimetihe patient with cancer is so
common that is often accepted as part of cancainient and the disease itself. The clear link
between weight loss, poor performance status, pEsponse to treatment and poor prognosis
is probably due to the preferential loss of skéletascle. It has been suggested that the loss
of adipose tissue accounts for the majority ofwleéght loss, but the loss of muscle for most
of the morbidity and mortality [1, 2].

However, the degree of weight loss that is progoasiot well defined and
performance status is recognised to be subjectigeleerefore their reliability has been
questioned [1, 2]. Moreover, they do not provitkgeotive therapeutic targets. There is now
good consistent evidence that the presence oftamsigsinflammatory response is associated
with increased weight loss, an elevated restingggnexpenditure, loss of lean tissue and
functional decline. Furthermore, the use of amfiemmatory agents is associated with
moderation of weight loss and the maintenance dbpwaance status and quality of life in

patients with advanced cancer [3, 4].

Measurement of the systemic inflammatory response

The basis of the systemic response in cancer patiemot clear, it may result from a
non specific response secondary to tumour hyporegrosis or local tissue damage.
Nevertheless, host responses to such systemicnimfi@gion are myriad. These include
alterations in neuroendocrine metabolism includimg endocrine hormones, haematopoietic
changes including the interleukins, interferons iehaematopoetic growth factors and acute
phase proteins [5]. The liver, in particular hegates, are central to the elaboration of the
systemic inflammatory response since they are $it@d to synthesise and release into the

systemic circulation a variety of acute phase pmstesuch as C-reactive protein, which



initiate or sustain the systemic inflammatory resmm C-reactive protein, due to its
sensitivity, specificity and reproducibility of dgais in hospital laboratories, is most
commonly used to assess the magnitude (whethere agutchronic) of the systemic
inflammatory response. Recently, Marsik and cowmsK6] reported the relationship between
C-reactive protein and all cause mortality in apprately 270,000 patients admitted to
hospital. There was with increasing C-reactivetgiroconcentrations from normal (<5mg/l)
to highly elevated (>80mg/l) there was a 3.3 faldrease in the risk of all cause mortality.
The relation of CRP to cancer death was stronger th vascular death and there was a 22.8
fold increase in cancer mortality in those patiewith highly elevated C-reactive protein
concentrations (>80mg/l). Indeed, the magnitudetre increase in C-reactive protein
concentrations have been shown to be associatdd peibrer survival in cancer patients,
particularly in patients with advanced diseasegpahdent of tumour stage [3]. There has
also been some work in primary operable cancer lwhias shown that the systemic
inflammatory response, as evidenced by an elev@tedactive protein concentration, has
prognostic value in gastro-oesophageal [7], urirtdagdder [8], pancreas [9], renal [10] and
non-small cell lung [11] cancers, independent ohdur stage. Also, a number of studies
carried out in primary operable colorectal canarehhighlighted the independent prognostic
value of an elevated C-reactive protein concemingi3].

It is of interest that in patients with canceiCaseactive protein increases albumin
falls and this relationship is similar across didiet tumour types [3]. Also, that albumin
concentrations reflect both systemic inflammatiad the amount of lean tissue [3].

Therefore, the prognostic value of the combinatiban elevated C-reactive protein
concentration (>10mg/l) and hypoalbuminaemia (<B%gAs examined [12], in 161 patients

with inoperable non-small cell lung cancer. Ontmwatiate survival analysis, this



combination (HR 1.70, 95% CI 1.23-2.35, P<0.00Iheared favourably with the clinical
standard combination of stage and performancess(aiid 1.48, 95% CI 1.12-1.95, P=0.006).
This work resulted in the combination of C-reactiretein and albumin into a
prognostic score (0, 1, 2). This score, now terthedGlasgow Prognostic Score (GPS), was
defined as follows; patients with both an eleva@edkactive protein (>10 mg/ I) and
hypoalbuminaemia (<35 g/ I) were allocated a sobi2 Patients in whom only one of these
biochemical abnormalities was present were allacatscore of 1. Patients in whom neither
of these abnormalities was present were allocatmbie of 0. However, the score of 1 was
most commonly due to an elevated C-reactive prd@&3rout of 35 patients) emphasising the
inflammatory basis of the GPS [12]. This inflamimoatbased prognostic score (Table 1) has
much to commend it since it has value independentnoour stage, is simple to measure,

routinely available and well standardised world-evid

The relationship between inflammation based scores, nutritional status and survival in
patients with cancer
The prognostic value of the GPS has been evaldiatiter in a variety of cancers
including non-small cell lung cancer, breast cangastro-oesophageal cancer, pancreatic
cancer, renal cancer and colorectal cancer [13-2ble 2]. These studies demonstrated that
the prognostic value of the GPS was the indepenafdnmour stage and conventional scoring
systems, superior to performance status and indepeiof treatment modalities. Moreover,
consistent with the cachexia derivation of theeayst inflammation-based GPS [3], it was
directly associated with elevated cytokine and akiipe concentrations [22, 24], biochemical
disturbance [21], the loss of weight and lean gs$oss of performance status [21, 22, 24].
More recently, the prognostic value of the neutiblgimphocyte ratio (NLR) has been

shown to have independent prognostic value in @tyaof cancers including lung cancer,



gastric cancer, pancreatic cancer, colorectal canorectal liver metastases,
cholangiocarcinoma and ovarian cancer [27-34, TapléAlso, the platelet lymphocyte ratio
(PLR) has recently been shown to have independegnpstic value in patients undergoing
potentially curative resection for pancreatic carjdg, Table 3]. These studies demonstrated
that the prognostic value of the NLR or the PLR wesindependent of tumour stage and
conventional scoring systems and independent afrirent modalities.

Recently, Leitch and coworkers [20] compared Heegrognostic value of the GPS and
components of the differential white cell countlirding the NLR, in patients with either
primary operable colorectal cancer (n=149) or symiohus unresectable liver metastases
(n=84). The GPS was a superior predictor of cagpecific survival compared with white
cell components of the systemic inflammatory resgancluding the NLR.

Recent reviews on the etiology of cancer cachleaiee recognised the importance of
systemic inflammation and have proposed a measwgstemic inflammation (elevated C-
reactive protein) in their definitions of canceckeaxia [1, 2]. However, such definitions also
include highly variable clinical measures such agWt loss, fat free mass and food intake. In
contrast, the GPS is a simple objective measutad¢facts cachexia and reliably predicts
outcome in cancer patients. Therefore, the GPShwayore suitable measure for the clinical

definition of cancer cachexia..

Conclusion

Therefore, it can be concluded that markers ofgrstemic inflammatory response, in
particular the GPS, is a reliable tumour stagepedéent prognostic factor in patients with
cancer. Moreover, that a measure of the systerflammmatory response (GPS) be included,

in addition or in preference to the current defoms of cachexia [1, 2], with tumour staging as



part of the routine assessment of all cancer patiefls a consequence this will highlight the
need not only to treat the tumour but also theesggt inflammatory response.

Further work is required to establish the valuenefasures of the systemic
inflammatory response as stratification factors seléction criteria in randomised trials and

as therapeutic targets in patients with cancer.
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Table 1. An inflammation-based prognostic scdre,Glasgow Prognostic Score [3]

Biochemical Characteristics Score
C-reactive protein ¥0mg/l and albumin 359/l 0
C-reactive protein ¥0mg/l and albumin <35g/I 0
C-reactive protein >10mg/l 1
C-reactive protein >10mg/l and albumin <35g/I 2
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Table 2. Systemic inflammatory response, as ey the GPS, as a prognostic factor in patwitscancer [14-27].

Study Tumour type n
Forrest et al., [13]* Lung 109
Al Murri et al., [14]*  Breast 96

HR (p-value) Comments

1.70 (0.001) GPSependent of stage/ treatment and superior to ECOG-p

2.26 (<0.001) GH&lependent of stage/ treatment

Crumley et al., [15]*  Gastro-oesophageal 258 181001) GPS independent of stage/ treatment

Crumley et al., [16]*  Gastro-oesophageal 65

Glen et al., [17]* Pancreas 187
Ramsey et al., [18]* Renal 119
McMillan et al., [19]* Colorectal 316
Leitch et al., [20]* Colorectal 233
Brown et al., [21]* Lung and colorectal 50
K-Korpacka et al., Gastro-oesophageal 96
[22]

Kobayashi et al., [23] Oesophageal 48
Kerem et al., [24] Gastric 60
Ishizuka et al., [25] Colorectal 315
Read et al., [26] Colorectal 84
Sharma et al., [27] Colorectal 84
Sharma et al., [28] Ovarian 154

18h{5) GPS independent of stage/ treatment andisupe ECOG-ps
1.72 (<0.001) GRIgpendent of stage
2.35(<0.001) GRf&pendent of scoring systems
1.74 (<0.001)GPS independent of stage/ treatment
2.08 (<0.001%PS superior to WCC/ lymphocytes

Not refal GPS associated with weight loss, poor perfanaatatus and biochemical disturbance

Not reported  GPS associateaveight loss, transferrin, IL-1, IL-6, IL-8, TNWEGF-A and
midkine concentrations
Not reporte@PS independent of stage/ treatment and assoeidtetbxicity
Not reported GPS assed with weight loss, ghrelin, resistin, adipctireand leptin
1.53 (p<0.0PS independent of stage/ treatment
2.27 (p<0.05) Gmfpendent of stage/ treatment
Not reported  @RIBpendent of stage/ treatment and associatedowitity
1.68 (<0.01) GRigpendent of stage/ treatment

* studies from the Glasgow group, HR hazard ratioiicremental change of GPS.
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Table 3. Systemic inflammatory response, as ecel@iby the Neutrophil Lymphocyte Ratio and Platelehphocyte Ratio, as a prognostic

factor in patients with cancer [28-35]

Study Tumour type n HR (p-value) Comments

Yamanaka et al., [29]* Gastric 1220 1.52 (<0.001) LRNndependent of stage/ treatment
Walsh et al., [30]* Colorectal 230 Not reported NpFRedicted cancer survival

Malik et al., [31]* Colorectal liver 687 1.73 (<@0) NLR independent of stage/ treatment
Halazun et al., [32]* Colorectal liver 440 2.26 (801) NLR independent of stage/ treatment
Gomez et al., [33]* Cholangiocarcinoma 27 1.78 (40. NLR independent of stage/ treatment
Cho et al., [34]* Ovarian 192 8.42 (<0.05) NLR ipeadent of stage/ treatment

Smith et al., [35]** Pancreatic 110 1.004 (p<0.01PLR independent of stage/ treatment

* Neutrophil Lymphocyte Ratio prognostic studies Platelet Lymphocyte Ratio prognostic studies, k&ard ratio for incremental change of
NLR or PLR..
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