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The prognostic value of a laboratory kA
cachexia score (LCAS) defined by LDH, CRP

and albumin in patients with advanced lung
cancer
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Joanne Edwards®, Ross D. Dolan' and Donald C. McMillan'

Abstract

Background Systemic inflammation has prognostic value in cancer and is considered aetiological of cachexia by
the Global Leadership Initiative on Malnutrition (GLIM). Lactate dehydrogenase (LDH) also has recognized prognostic
value. The present study aimed to evaluate the ability of a laboratory cachexia score (LCAS) defined by LDH, CRP and
albumin, to identify cachexia and predict outcome in advanced lung cancer.

Methods Patients (n=261) with serum LDH, CRP and albumin measurement receiving palliative radiotherapy for
advanced lung cancer between 2009 and 2015 were identified. Subjects were stratified by LDH and LCAS. This was
compared to GRIm and LIPI, two previously described LDH based prognostic scores, which do not incorporate CRP.
Results On follow up there were 201 deaths. LDH and LCAS were associated with 1-year survival independent of
ECOG-PS, MUST, weight loss, BMI, SMI, SMD, metastases, mGPS or NLR (all p <0.001). On multivariate analysis LCAS
(1.36,1.13-1.63, p=0.001), LIPI (1.50, 1.17-1.92, p=0.02), metastases (1.53, 1.15-2.04, p=0.004) and ECOG-PS (1.28,
1.04-1.57, p=0.019) were independently associated with poorer overall survival.

Conclusion LCAS appears to identify cachexia and stratify survival. This may represent a useful aetiological criterion
within the GLIM framework and a more powerful prognostic tool than the phenotypic criteria.
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Introduction

Cancer cachexia is a calamitous syndrome of anorexia,
fatigue and weakness accompanied by loss of lean body
tissue. The all too often presence in advanced cancer her-
alds poor prognosis. Frustratingly, the lack of a consensus
definition [1-4] and recognized trial endpoints [5] has
led to the under diagnosis of cachexia, challenges to trial
design and disappointing progress regarding treatment
options.

Historically, cachexia was considered a nutritional
problem yet increasing credence has been given to meta-
bolic dysfunction and inflammation as both originating
and driving forces. Most recently, the Global Leader-
ship Initiative on Malnutrition (GLIM) published a defi-
nition of cachexia which centers around disease related
malnutrition with inflammation. GLIM recommends the
application of a validated screening tool for malnutrition,
with the diagnosis confirmed by the presence of both an
aetiologic and phenotypic criterion of cachexia [3]. The
phenotypic criteria are; involuntary weight loss, low body
mass index (BMI) and low muscle mass. The aetiologic
criteria are reduced food intake or assimilation and dis-
ease burden/inflammation.

GLIM assigns equal value to the phenotypic and aetio-
logic criteria however work suggests that inflammation
dominates the prognostic landscape. Recently, Zhang and
co-workers examined the prognostic value of a combined
weight loss and inflammation grade (WLAIG) in over
11,000 patients with advanced cancer [6]. They showed
this to be a robust marker of prognosis but of note,
weight loss was less prevalent than inflammation across
all tumor stages, and inflammation had greater prognos-
tic value in weight losing patients than weight loss did in
patients who were not inflamed. Similar conclusions have
been drawn with regards to skeletal muscle mass [7].
Hacker et al. examined the relationship between systemic
inflammation (as measured by mGPS) and skeletal mus-
cle index (SMI) in patients with oesophageal and gastric
cancer [8]. They demonstrated that systemic inflamma-
tion was associated with a low SMI but that inflamma-
tion was the dominant prognostic factor and suggested
there was no direct link between sarcopenia and sur-
vival. A recent review by McGovern et al. describes how
recent evolution in the cachexia definition has moved
systemic inflammation to the forefront [9] and propose
that cachexia be considered as disease related inflamma-
tion with malnutrition.

Metabolic dysfunction is another central component
of tumour biology with lactate dehydrogenase (LDH)
shown to have prognostic value in cancer [10]. A constit-
uent enzyme from the oxidoreductase class, it catalyzes
the conversion of pyruvate to lactate via the reduction
of NAD* to NADH in both directions [11]. As such,
it is integral to glucose metabolism under anaerobic
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conditions. The consequences of this pathway are the
inefficient production of adenosine triphosphate (ATP)
and generation of lactate, a metabolic dead end which
reduces the pH of the surrounding environment. Inter-
estingly, tumour cells often metabolize glucose in this
manner, despite the presence of oxygen, an observation
termed the “Warburg effect” [10, 12, 13].

Recently, the relationship between LDH and the GLIM
criteria was examined in a prospective cohort of patients
with advanced cancer. LDH was associated with perfor-
mance status, systemic inflammation and survival but
not weight loss, BMI or reduced skeletal muscle (the phe-
notypic GLIM criteria) [14]. Furthermore, a recent meta-
analysis and systematic review examined the prognostic
value of, and associations between, LDH and the GLIM
criteria [15]. In over 40,000 patients with cancer LDH
was as prognostic of overall survival as any of the GLIM
criteria and was associated with the systemic inflamma-
tory response as measured by CRP, the modified Glasgow
Prognostic Score (mGPS) and neutrophil-lymphocyte
ratio (NLR). There was a weak association between LDH
and low BMI but no association with weight loss or low
skeletal muscle mass [15].

The prognostic value of inflammation as measured
by the mGPS has been widely validated in cancer over
the last 20 years. Although prognostic scores of meta-
bolic function incorporating LDH have been described,
none have been validated on the same scale. The Royal
Marsden Hospital (RMH) score was the first of these to
be described. As Phase I trials are designed to assess the
tolerability and toxicity of new therapies, they require
patients with good performance status, good organ func-
tion and a life -expectancy of at least 3 months. This can
be challenging to predict. The RMH score which con-
sisted of LDH, albumin and number of metastatic sites
was considered to stratify prognosis in these patients.
Further scores including LDH were described, but of par-
ticular interest are two which also incorporate a measure
of inflammation. The Gustave Rousy Immune (GRIm)
score and Lung Immune Prognostic Index (LIPI) are both
LDH centered prognostic scores which also incorporate
the neutrophil-lymphocyte ratio (NLR) as a measure of
systemic inflammation (Table 1).

There is extensive evidence that systemic inflamma-
tion and metabolic dysfunction are both at play in driv-
ing cancer cachexia. How these observations interact
remains unclear and to our knowledge there is no pub-
lished work examining the prognostic value of the pres-
ence of both inflammation as measured by mGPS and
metabolic dysfunction as measured by LDH. The authors
propose an objectively measured laboratory cachexia
score (LCAS) which combines systemic inflammation as
measured by the widely validated mGPS [16-18] (a CRP
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Table 1 Calculation of a laboratory cachexia score (LCAS),

Gustave Rousy Immune score (GRIm) and lung Immune

Prognostic Index (LIPI). LDH=lactate dehydrogenase,

mGPS =modified Glasgow Prognostic score, NLR =neutrophil

lymphocyte ratio and dNLR=derived neutrophil lymphocyte

ratio

LCAS

LDH <250 Units/L and mGPS=0 0

LDH <250 Units/L and mGPS=1 1

LDH > 250 Units/L and mGPS=0 1

LDH > 250 Units/L and mGPS=1 2
2
3

Points Allocated

LDH <250 Units/L and mGPS=2

LDH =250 Units/L and mGPS=2

GRIm

LDH < ULN and Albumin =35g/L and NLR<6
LDH>ULN and Albumin = 35g/L and NLR<6
LDH<ULN and Albumin <35g/L and NLR<6
LDH < ULN and Albumin =35g/L and NLR>6
LDH>ULN and Albumin<35g/L and NLR<6
LDH>ULN and Albumin >35g/L and NLR>6
LDH <ULN and Albumin <35g/L and NLR>6
LDH>ULN and Albumin <35g/L and NLR>6
LIPI

LDH<ULNand dNLR<3

LDH>ULN and dNLR<3

LDH<ULN and dNLR>3

LDH>ULN and dNLR>3

w N NN = = = O

N o= — O

and albumin-based score) and metabolic dysfunction as
measured by LDH.

The aim was to evaluate the ability of LCAS to both
identify cachexia and predict outcome in a retrospective
cohort of advanced lung cancer patients receiving pallia-
tive radiotherapy, a patient population known to have a
high prevalence of cachexia. Its prognostic value was also
compared to that of the Malnutrition Universal Screen-
ing Tool (MUST), the GLIM criteria for cancer cachexia
and the previously reported LDH and NLR based GRIm
and LIPI scores.

Patients and methods

Patients receiving palliative radiotherapy for advanced
lung cancer at The Beatson West of Scotland Cancer
Institute between 2009 and 2015 were retrospectively
identified. Patients were considered eligible if they
received palliative radiotherapy and were above 18 years
of age, with advanced lung cancer (defined as stage III or
IV disease), of any pathological sub-type, and had a mea-
sured serum LDH within 6 weeks prior to radiotherapy.
Patients were not excluded if they had received prior
radical anti-cancer treatment. Point of study entry was
taken as the date of serum LDH measurement. This study
conformed to Declaration of Helsinki and was approved
by Health Research Authority Ethics Committee (17/
NW/0190) of Greater Glasgow and Clyde NHS Health
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Board. Due to the retrospective nature of the study
informed consent was either impossible or impracticable,
however this was acknowledged within the above ethi-
cal approval. The study conformed to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [19].

Baseline demographic and clinicopathological variables
were gathered for each patient (Table 2.). As GLIM rec-
ommend the use of a validated malnutrition screening
tool, Malnutrition Universal Screening Tool (MUST)
score was calculated as this was the locally used tool
[20]. Eastern Co-operative Oncology Group Performance
Status (ECOG-PS) was recorded if this had been docu-
mented by the patient’s oncologist or respiratory phy-
sician. ECOG-PS was then grouped as 0-1/2/3-4, as
previously described [21]. Serum LDH values were taken
from serum blood samples. Any LDH value determined
from pleural fluid was excluded. LDH was dichotomized
to normal or raised with a cut off value of >250 Units/L.
The primary outcome of interest was overall survival at 1
year from the date of serum LDH measurement.

Laboratory cachexia score (LCAS)

LCAS was constructed by combining mGPS and LDH.
An mGPS score of 0/1/2 is determined by the presence of
a CRP<or >10 mg/L and an Albumin<or >35 g/L. Lac-
tate dehydrogenase was incorporated in an additive fash-
ion by allocating a score of 0 or 1 based on a threshold of
<or =250 Units/L. This gives a potential LCAS score of
0/1/2/3 as outlined in Table 1.

The gustave-rousy immune (GRIm) score

The GRIm score was calculated as previously described
[22]. A point is allocated for each of an albumin<35 g/L,
an LDH greater than the upper limit of normal and an
NLR of >6. This results in a score of 0/1/2/3 as outlined
in Table 1.

The lung immune prognostic index (LIPI)

The LIPI score was calculated as previously described
[23]. A point is allocated for an LDH greater than the
upper limit of normal and a derived NLR>3 (dNLR =
(leucocyte count - neutrophil count)/leucocyte count).
This results in a score of 0/1/2 as outlined in Table 1.

GLIM criterion for diagnosing cancer cachexia

As the most recent recognized consensus on the defini-
tion of cachexia, the presence phenotypic and aetiologic
GLIM criteria was assessed in each patient. As described
above the phenotypic criteria are unintentional weight
loss, low BMI and reduced skeletal muscle. Weight loss
was assessed as present or absent based on documenta-
tion of the attending oncologist or respiratory physician’s
clinic letters. The retrospective nature of this study means
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Table 2 The relationship between serum lactate dehydrogenase (LDH) and clinicopathological variables, Eastern Cooperative
Oncology Group performance status (ECOG-PS), weight loss, malnutrition universal screening tool (MUST) score, body mass index
(BMI), skeletal muscle index (SMI), skeletal muscle density (SMD), disease burden, systemic inflammation, and survival in advanced lung
cancer (n=261)

LDH <250 Units/L (n=131) LDH =250 Units/L (n=130) p-value?
Age p=0.044
<65 36 (28) 42 (32)
65-74 41(32) 54 (41)
>74 54 (40) 34(27)
Sex p=0.240
Male 72 (55) 62 (48)
Female 59 (45) 68 (52)
ECOG-PS
0/1 69 (53) 75 (58) p=0.557
2 47 (36) 40 (31)
3/4 14011) 14(11)
T-stage
3
4
Subtype
SCLC 6(5) 15(13)
NSCLC 106 (95) 103 (87)
Other
Metastatic Disease p=0.072
Yes 61 (47) 75 (58)
No 70 (53) 55 (42)
Nodal Disease® p=0817
Yes 85 (77) 88 (78)
No 26 (23) 25(22)
Chemotherapy p<0.001
Yes 43 (33) 71 (55)
No 88 (67) 59 (45)
MUST p=0.152
0 65 (50) 76 (59)
1/2 66 (50) 54 (41)
Reported Weight Loss p=0.751
Yes 60 (46) 57 (44)
No 71 (54) 73 (56)
Low BMI¢ p=0.091
Yes 19(19) 79)
No 83 (81) 67 (91)
Low sMI¢ p=0.788
Yes 48 (44) 36 (64)
No 55 (56) 38 (36)
Low SMD® p=0338
Yes 37 (65) 32 (49)
No 64 (35) 41 (51)
NLR
<3 43 (33) 32(25) p=0.053
3-5 48 (37) 44 (34)
>5 40 (30) 54 (41)
mGPS p=0.029
0 44 (34) 19(15)
1 29(22) 49 (38)
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Table 2 (continued)

LDH <250 Units/L (n=131) LDH =250 Units/L (n=130) p-value?
3-month survival p<0.001
Yes 113 (86) 67 (52)

No 18 (14) 63 (49)

6-month survival p<0.001
Yes 81(62) 43(33)

No 50 (38) 87 (67)

12-month survival p<0.001
Yes 46 (35) 14(11)

No 85 (65) 116 (89)

a-P-value is from x? analysis or linear-by-linear association
b-224 patients had nodal staging

c-176 patients had a documented BMI

d-An SMI was calculated for 177 patients

e-An SMD was calculated for 174 patients

quantifying percentage weight loss was not possible. A
low BMI was considered < 20 kg/m? in patients aged <70
years and <22 kg/m? in patients > 70 years. Reduced skel-
etal muscle mass was defined as a low SMI as described
below. The aetiologic criteria are reduced food intake
or assimilation and disease burden/inflammation. Food
intake was not assessed in this study. The presence of sys-
temic inflammation was determined using the modified
Glasgow Prognostic Score (mGPS) and the neutrophil-
lymphocyte ratio (NLR) calculated from venous blood
samples. NLR was calculated by dividing the neutrophil
count by lymphocyte count as is grouped as <3/3-5/>5
[24]. The mGPS was calculated as described previously
and given a value of 0/1/2 [4]. An autoanalyzer was used
to measure CRP (mg/L) and albumin (g/L) concentra-
tions according to routine laboratory protocols.

CT-derived skeletal muscle mass

Reduced skeletal muscle was assessed by analysis of CT
scans. Images were taken at the level of the third lumbar
vertebra as previously described. These images were then
processed using the program Slice-o-matic v.6 (Tomo-
vision, Magog, Canada, /https://www.tomovision.com/p
roducts/sliceomatic.html) to produce values for skeletal
muscle density and skeletal muscle index.

Definitions for both low SMI and low SMD were
those described by Martin et al. [25]. Low SMI (sarco-
penia) was defined as <43cm?/m? if BMI< 25 kg/m? or
SMI < 53cm?/m? if BMI > 25 kg/m? in male patients and
an SMI <41cm?/m? regardless of BMI in female patients.
Low SMD (myosteatosis) was defined as SMD <41 Houn-
sfield Units (HU) and BMI<25 kg/m? or SMD <33 HU
and BMI > 25 kg/m>

Statistical analysis
Demographic data, clinicopathological variables, LCAS,
LDH, ECOG-PS, weight loss, MUST, BMI, SMI, SMD,

NLR, mGPS, 3-month, 6-month and 1-year survival were
presented as categorical variables. These were analysed
using Chi-squared test for linear-by-linear association.

Demographic data, clinicopathological variables,
LCAS, LDH, ECOG-PS, weight loss, MUST, BMI, SMI,
SMD, NLR, mGPS and 1-year survival were examined
using univariable and multivariable Cox regression
analysis to generate univariable and multivariable haz-
ard ratios (HR) for overall survival. Any variable which
had a univariable HR with a significance of p<0.05 was
included in a backwards conditional multivariable model.

Missing data were excluded from the analysis on a vari-
able-by-variable basis. Two-tailed p values<0.05 were
considered statistically significant. All statistical analysis
was undertaken in IBM SPSS Statistics Version 29.0.1.0
(101) (SPSS Inc., Chicago, IL, USA).

Results

A total of 261 patients were included in the analysis. The
clinicopathological characteristics of the studied cohort
are outlined in Table 2. 51% were male and 70% were
> 65 years of age. All patients had advanced lung cancer
(n=261), of whom 44% had received palliative chemo-
therapy at the time of laboratory measures. However,
the chemotherapy agents or number of cycles were not
available to report. The median LDH was 251 Units/L
(102-3815) with 50% of subjects having an LDH >250
Units/L. 82% of patients had an ECOG-PS of > 1 and 44%
had documented weight loss at the time of diagnosis. 176
patients had a recorded BMI, and of these 15% were clas-
sified as having low BMI. 53% of patients had reduced
muscle mass and 60% had reduced muscle density. 52%
of patients had metastatic disease at diagnosis and 77%
had nodal spread. NLR was >3 in 71% of patients and
mGPS >1 in 76%. 17% of patients had an LCAS (Table 1)
of 0, 19% an LCAS of 1, 40% an LCAS of 2 and 23% an
LCAS of 3. The median survival was 11.1 months (0-150).
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Survival was 69% at 3 months, 48% at 6 months and 23%
at 1 year.

The relationship between LDH and clinicopathologi-
cal characteristics and survival in patients with advanced
lung cancer is shown in Table 2. There was a significant
association between LDH and age (p=0.04), chemother-
apy (p<0.001), mGPS (p=0.029) and 3-month (p <0.001),
6-month (p<0.001) and 1-year survival (p <0.001).

The relationship between LDH, age and 1-year sur-
vival is shown in Table 3a. LDH was significantly associ-
ated with 1-year survival independent of age (p <0.001).
The relationship between LDH, sex and 1-year survival is
shown in Table 3b. LDH was significantly associated with
1-year survival independent of sex (p<0.001). The rela-
tionship between LDH, ECOG-PS and 1-year survival is
shown in Table 3c. LDH was significantly associated with
1-year survival independent of ECOG-PS (p <0.001). The
relationship between LDH, metastasis and 1-year sur-
vival is shown in Table 3d. LDH was significantly asso-
ciated with 1-year survival independent of metastasis
(p<0.001). The relationship between LDH, nodal disease
and 1-year survival is shown in Table 3e. LDH was sig-
nificantly associated with 1-year survival independent of
nodal disease (p<0.001). The relationship between LDH,
chemotherapy and 1-year survival is shown in Table 3f.
LDH was significantly associated with 1-year survival
independent of chemotherapy (p<0.001). The relation-
ship between LDH, MUST and 1-year survival is shown
in Table 3g. LDH was significantly associated with 1-year
survival independent of MUST (p<0.001). The relation-
ship between LDH, weight loss and 1-year survival is
shown in Table 3h. LDH was significantly associated with
1-year survival independent of weight loss (p<0.001).
The relationship between LDH, BMI and 1-year sur-
vival is shown in Table 3i. LDH was significantly associ-
ated with 1-year survival independent of BMI (p <0.001).
The relationship between LDH, SMI and 1-year survival
is shown in Table 3j. LDH was significantly associated
with 1-year survival independent of SMI (p<0.001). The
relationship between LDH, SMD and 1-year survival is
shown in Table 3k. LDH was significantly associated with
1-year survival independent of SMD (p <0.001). The rela-
tionship between LDH, NLR and 1-year survival is shown
in Table 3l. LDH was significantly associated with 1-year
survival independent of NLR (p <0.001). The relationship
between LDH, mGPS and 1-year survival is shown in
Table 3m. LDH was significantly associated with 1-year
survival independent of mGPS (p <0.001).

The relationship between LCAS (Table 1) and clinico-
pathological characteristics and survival in patients with
advanced lung cancer is shown in Table 4. There was a
significant association between LCAS and age (p =0.049),
chemotherapy (p=0.047), NLR (p<0.001) and 3-month
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(p<0.001), 6-month (p<0.001) and 1-year survival
(p<0.001).

The relationship between clinicopathological variables
and 1 year survival in patients with advanced lung can-
cer is shown in Table 5. On univariate analysis metastatic
disease (p<0.001), ECOG-PS (p=0.015), NLR (p<0.001),
mGPS (p<0.001), LDH (p<0.001), LCAS (p<0.001,
Fig. 1), GRIm (p<0.001, Fig. 2) and LIPI (» <0.001, Fig. 3)
were significantly associated with 1-year survival. On
multivariate analysis (excluding NLR, mGPS and LDH)
metastatic disease (p=0.004), ECOG-PS (p=0.019),
LCAS (p<0.01, Fig. 1) and LIPI (p<0.01), but not GRIm,
remained independently associated with 1-year survival.

The relationship between clinicopathological variables
and 1 year survival in patients with non-metastatic lung
cancer is shown in Table 6. On univariate analysis NLR
(p<0.001), mGPS (p<0.001), LDH (p=0.011), LCAS
(p<0.001), GRIm (p<0.001) and LIPI (p<0.001) were
significantly associated with 1-year survival. On multi-
variate analysis (excluding NLR, mGPS and LDH) LCAS
(p<0.001), remained independently associated with
1-year survival.

Discussion

To our knowledge this is the first report to describe a
laboratory score of cachexia which combines systemic
inflammation as measured by the mGPS with metabolic
dysfunction as measured by LDH. In the cohort exam-
ined, LDH and mGPS had similar univariate hazard
ratios for overall survival (with overlapping confidence
intervals) and so could simply be given equal weighting
in the construction of new laboratory cachexia score,
LCAS. LCAS had prognostic value independent of
ECOG, metastatic status and GLIM phenotypic criteria
and in patients with non-metastatic disease had most
prognostic value, independent of other LDH inclusive
scores. Therefore, given that LCAS is based on objective
routinely measured clinical values, it has much to com-
mend it for incorporation into clinical practice.

With the realisation of the tumour independent prog-
nostic value of the systemic inflammatory response a
plethora of systemic inflammation based prognostic
scores and ratios have been developed [24, 26]. How-
ever, of these the most established, and extensively used
in patients with lung cancer [27, 28], is the modified
Glasgow Prognostic Score [29]. The present study is a
clear extension of the mGPS with the addition of LDH to
the mGPS framework inspired by a prospective study of
prognostic factors in patients with advanced cancer [30].
In particular, LCAS compared with other scores includ-
ing LDH better defined a good prognosis group that may
benefit from active treatment (see Fig. 1.). Therefore, with
such solid foundations it is likely that LCAS will have
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Table 3 A.The relationship between serum lactate dehydrogenase (LDH), age and 1 year survival (n=261). B. The relationship
between serum LDH, sex and 1 year survival (n=261). C. The relationship between serum LDH, Eastern Cooperative Oncology Group

— Performance Status (ECOG-PS) and 1 year survival (n=255). D. The relationship between serum LDH, metastasis and 1 year survival
(n=261). E.The relationship between serum LDH, nodal disease and 1 year survival (n=237). F. The relationship between serum LDH,
chemotherapy and 1 year survival (n=261). G. The relationship between serum LDH, Malnutrition Universal Screening Tool (MUST) and
1 year survival (n=261). H. The relationship between serum LDH, weight loss and 1 year survival (n=261). I. The relationship between
serum LDH, low body mass index (BMI) and 1 year survival (n=176). J. The relationship between serum LDH, skeletal muscle index
(SMI) and 1 year survival (n=198) k. The relationship between serum LDH, skeletal muscle density (SMD) and 1 year survival (n=176)

I. The relationship between serum LDH, neutrophil-lymphocyte ratio (NLR) and 1 year survival (n=176) m. The relationship between

serum LDH, modified Glasgow Prognostic score (mGPS) and 1 year survival (n=176)

a. LDH < 250 Units/L (n=130) LDH =250 Units/L (n=131) p-value
Age <65 12/35 (34%) 2/43 (5%) 0.006
Age 65-74 16/42 (38%) 7/53 (13%) 0.047
Age>74 19/53 (36%) 4/35 (11%) <0.001
p-value 0.294 0.592

b. LDH < 250 Units/L (n=130) LDH > 250 Units/L (h=131) p-value
Male 29/71 (41%) 5/63 (8%) <0.001
Female 18/59 (31%) 8/68 (12%) 0.037
p-value 0.117 0.341

C. LDH <250 Units/L (n=129) LDH =250 Units/L (hn=126) p-value
ECOG-PS 0/1 29/68 (43%) 8/76 (11%) <0.001
ECOG-PS 2 16/47 (34%) 4/40 (10%) 0.005
ECOG-PS 3/4 2/14 (14%) 1714 (7%) 0.557
p-value 0.160 0.623

d. LDH <250 Units/L (n=130) LDH =250 Units/L (h=131) p-value
MO 28/69 (41%) 8/56 (14%) <0.001
M=>1 19/61 (31%) 5/75 (7%) 0.033
p-value 0.077 0312

e. LDH < 250 Units/L (n=114) LDH > 250 Units/L (h=123) p-value
NO 10/27 (37%) 4/24 (17%) 0.109
N=>1 27/87 (31%) 9/99 (9%) <0.001
p-value 0.727 0478

f. LDH <250 Units/L (n=130) LDH =250 Units/L (h=131) p-value
No chemo 28/87 (32%) 4/60 (7%) <0.001
Chemo 19/43 (44%) 9/71 (13%) 0.043
p-value 0.620 0.057

g. LDH < 250 Units/L (n=130) LDH > 250 Units/L (h=131) p-value
MUST 0 27/64 (42%) 6/77 (8%) <0.001
MUST>1 20/66 (30%) 7/54 (13%) 0.008
p-value 0.603 0.559

h. LDH <250 Units/L (n=134) LDH =250 Units/L (n=127) p-value
No Weight Loss 28/70 (40%) 7/74 (9%) <0.001
Weight Loss 19/60 (32%) 6/57 (11%) 0.006
p-value 0.503 0.921

i LDH < 250 Units/L (n=102) LDH > 250 Units/L (n=74) p-value
BMI>20 31/83 37%) 6/67 (9%) <0.001
BMI< 20 6/19 (32%) 1/7 (14%) 0.049
p-value 0.781 0.970

J LDH <250 Units/L (n=103) LDH =250 Units/L (n=74) p-value
Normal SMI 21/48 (44%) 1/36 (3%) <0.001
Low SMI 16/55 (29%) 7/38 (18%) 0.044
p-value 0277 0.073

k. LDH < 250 Units/L(n=101) LDH > 250 Units/L (hn=73) p-value
Normal SMD 15/37 (41%) 5/32 (16%) 0.018
Low SMD 22/64 (34%) 3/41 (7%) <0.001
p-value 0.727 0.334
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Table 3 (continued)

l. LDH < 250 Units/L(n=130) LDH =250 Units/L (h=131) p-value
NLR<3 25/44 (57%) 5/31 (16%) <0.001
NLR 3-5 15/46 (33%) 4/46 (9%) 0.008
NLR>5 7/40 (18%) 4/54 (7%) 0.349
p-value <0.001 0.490

m. LDH < 250 Units/L(n=130) LDH > 250 Units/L (n=130) p-value
mGPS 0 27/43 (63%) 5/20 (25%) <0.001
mGPS 1 8/29 (28%) 4/48 (8%) 0.232
mGPS 2 12/58 (21%) 4/62 (6%) 0.038
p-value <0.001 0.177

Each cell (n=/%), P-value is from x? or linear-by-linear analysis

clinical utility in patients with advanced cancer and is
worthy of external validation.

Interestingly, in patients with non-metastatic dis-
ease GRIm and LIPI lost significance in the multivariate
survival model whereas the prognostic value of LCAS
became stronger. In particular, LCAS compared with
other scores including LDH better defined a good prog-
nosis group (Fig. 1.). This may suggest that the inflam-
matory response represented by the mGPS and the
metabolic dysfunction represented by an elevated LDH
reflect an environment favorable to tumour progression
or prepare the soil for future metastases. Ultimately, the
reason for this observation is not clear and future work
should examine the prognostic value of LCAS in early-
stage lung cancer or those treated with curative intent.

The prognostic value of LDH in patients with advanced
cancer has long been recognized and was first incorpo-
rated into the Royal Marsden Hospital (RMH) score
approximately 15 years ago [31]. More recently, the
Gustave Roussy Immune (GRIm), and Lung Immune
Prognostic Index (LIPI) scores have included LDH in
the presence of NLR. Additionally, the advent of immu-
notherapy prompted the MD Anderson-Immune
Checkpoint Inhibitor (MDA-ICI) [32] and MD Ander-
son Cancer Centre (MDACC) scores [33]. These LDH
focused scores were constructed by retrospectively iden-
tifying markers of poor prognosis in phase 1 immuno-
therapy trials and layering these onto the original RMH
score. This results in quite complicated scoring systems.
The MDACC adds ECOG-PS and gastrointestinal tumour
type, whilst the MDA-ICI requires an LDH >0.75x ULN
and scores six additional parameters (age, ECOG-PS,
neutrophil count, lymphocyte count, platelet count and
liver metastasis). However, there is a more fundamental
concern about the use of the components of a differential
white cell count as prognostic scores or ratios, namely
that they do not clearly differentiate those patients who
are systemically inflamed (as evidenced by CRP) from
those that are not [34]. Furthermore, there has been
consistent reporting of the superior prognostic value of
mGPS compared with NLR [35-38]. Therefore, the use

of prognostic scores and ratios based on the components
of a differential white cell count should not be preferred
over those based on CRP, the prototypical marker of the
systemic inflammatory response [39].

Since its introduction in 2003, the Glasgow Prognostic
Score has been widely validated in both primary operable
cancer [17] and advanced inoperable cancer [40] and in
randomized clinical trials [16]. This is in part to its ease
of use and consistent prognostic value and therefore it
is anticipated that LCAS will be similarly externally vali-
dated. It is of interest that recent machine learning mod-
els of prognostic factors, in patients with non-small cell
lung cancer receiving immunotherapy in the context of a
randomized trial, have identified albumin, CRP, LDH and
neutrophils as independent prognostic factors [41].

It has become increasingly clear that the tumor-host
interaction creates a local and systemic host inflamma-
tory response which drives cancer cachexia. Indeed,
inflammation is considered a hallmark of cancer [42]. The
basis of the inflammatory response acting as an initiat-
ing or driving force in cancer cachexia is not clear. How-
ever, it has been postulated that that the interaction of
tumour necrosis and local inflammation is an important
initiating event [43]. This might explain why the tumour
preferentially takes up glucose even in aerobic condi-
tions (the Warburg Effect) using glycolytic substrates
and products to fuel tumour growth. In particular, the
production of lactate by tumour and host cells will enter
the circulation and be transported the liver to be recycled
in the lactic acid cycle (i.e. Cori cycle) converting lactate
back to pyruvate while also converting NAD +to NADH
through the addition of a hydrogen ion. This may result
in amplified gluconeogenesis with a reactive hyperin-
sulinemia which ultimately leads to insulin resistance,
a contributing factor to the phenotype of cachexia [44].
Indeed, there is evidence that lactate is pro-tumorigenic
promoting angiogenesis, metastasis and tumor resistance
with additional roles in immunosuppression and tumor
evasion [10, 45]. Irrespective, the present study shows the
interaction between LDH and systemic inflammation and
their combined prognostic value.
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Table 4 The relationship between the laboratory cachexia score (LCAS) and clinicopathological variables, Eastern Cooperative
Oncology Group performance status (ECOG-PS), weight loss, malnutrition universal screening tool (MUST) score, body mass index
(BMI), skeletal muscle index (SM), skeletal muscle density (SMD), disease burden, modified Glasgow prognostic score (mGPS),
neutrophil-lymphocyte ratio (NLR), and survival in advanced lung cancer (n=260)

LCAS 0 (n=43) LCAS 1 (n=49) LCAS 2 (n=105) LCAS 3 (n=63) p-value
Age p=0.049
<65 8(19) 16 (33) 33(31) 21(33)
65-74 12 (28) 23 (47) 35(33) 25 (40)
>74 23 (53) 10 (20) 37 (35) 17 (27)
Sex p=0.943
Male 22(51) 24 (49) 56 (53) 31 (49)
Female 21(49) 25(51) 49 (47) 32(51)
ECOG-PS p=0.157
0/1 23 (54) 35(73) 52 (50) 34 (55)
2 19 (44) 9(19) 37(35) 21(34)
3/4 12 4(8) 16 (15) 7(11)
Metastatic Disease p=0.186
Yes 18 (42) 23 (47) 56 (53) 23 (38)
No 25 (58) 26 (53) 49 (47) 38(62)
Nodal Disease p=0.154
Yes 22 (65) 38 (86) 68 (74) 9(17)
No 12 (35) 6(14) 24 (26) 44 (83)
Chemotherapy p=0.047
Yes 14 (33) 26 (53) 40 (38) 34 (54)
No 29 (67) 23(47) 65 (62) 29 (46)
MUST p=0.662
0 21 (49) 24 (49) 58 (55) 37 (59)
1/2 22(51) 25(51) 47 (45) 26 (41)
Reported Weight Loss p=0.679
Yes 21 (49) 22 (45) 48 (46) 26 (41)
No 22(51) 27 (55) 57 (54) 37(59)
Low BMI p=0492
Yes 5(15) 8(22) 9(13) 4(10)
No 28 (85) 28 (78) 58 (87) 36 (90)
Low Skeletal Muscle Index p=0.226
Yes 21 (60) 20 (59) 32(47) 20 (50)
No 14 (40) 14 (47) 36 (53) 20 (50)
Low Skeletal Muscle Density p=0323
Yes 19 (56) 19 (54) 42 (64) 25 (64)
No 15 (44) 16 (44) 24 (36) 14 (36)
NLR p<0.001
<3 25 (58) 15(31) 25 (24) 10 (16)
3-5 14 (33) 22 (45) 41 (39 15 (24)
>5 4(9) 12 (25) 39(37) 38 (60)
mGPS -
0 43 (100) 20 (41) - -
1 - 29 (59) 48 (46) -
2 - - 57 (554) 63 (100)
3-month survival p<0.001
Yes 41 (95) 42 (86) 62 (59) 34 (54)
No 2(5) 7(14) 43 (41) 29 (46)
6-month survival p<0.001
Yes 35(81) 29 (59) 39(37) 21(33)
No 8(19) 20 (41) 66 (63) 42 (67)

12-month survival p<0.001
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Table 4 (continued)
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LCAS 0 (n=43)

LCAS 1 (n=49)

Yes 27 (63)
No 16 (37)

13(27)
36 (73)

LCAS 2 (n=105) LCAS 3 (n=63) p-value
16 (15) 4(6)
89 (85) 59 (94)

Table 5 Hazard ratios for overall survival at 1 year from Cox Regression analysis. All variables which were significant on univariable

analysis were included in the multivariable Cox Regression

Univariate Analysis p-value Multivariate Analysis p-value
Hazard Ratio (95% Cl) Hazard Ratio (95% Cl)
Age (<65/65-74/>74) 0.85 (O 71— 01) 0.061
Sex (male/female) 1.07 (0.81-1.42) 0.638
Metastatic Disease (yes/no) 1.63(1.23-2.15) <0.001 1.53 (1.15-2.04) 0.004
ECOG-PS (0-1/2/3-4) 29 (1.05-1.59) 0.015 1.28 (1.04-1.57) 0.019
Chemotherapy (yes/no) 0.86 (0.65-1.1 3) 0.281
Weight Loss (yes/no) 1.03 (0.78-1.36) 0.829
MUST (O vs.> 1) 1.01(0.77-1.33) 0938
BMI <20 (yes/no) 1.03 (0.64-1.68) 0.895
Low SMI 1.03 (0.73-1.45) 0.868
Low SMD 1.14 (0.80-1.63) 0478
NLR (< 3/3-5/>5) 1.66 (1.39-1.99) <0.001
mGPS (0/1/2) 1.68 (1.40-2.01) <0.001
LDH (=250 Units/L) 1.93 (1.46-2. 56) <0.001
LCAS (0/1/2/3) 1.66 (1.43-1.92) <0.001 1.36 (1.13-1.63) 0.001
GRIm (0/1/2) 1.67 (1.43-1.95) <0.001 0.96 (0.72-1.29) 0.795
a. 1 Year Survival by LCAS b. bH LD C. i LpH
10 “Dm LCAS <250 U/L >250 U/L <250 U/L, >250 U/L
\1 H_\_ - fgg mGPS 0 0 1 mGPso| 531 | 210
08 —13.00 mGPS 1 1 2 mGPS1| 238 161
Lﬂ ‘ 1 mGPS 2 2 mGPS2| 185
% 06 L‘—‘—L\_\L
=
2 H d.|Lcas LDH<250 | LDH>250
3 ‘ e (n=134) (n=112)
LCAS L‘_‘ﬁ_\ o mGPS 0 45 (18) 4(2)
02 _‘11_‘ (n=49)
T mGPS 1 30 (12) 48 (20)
00 (n=78)
.00 3000 6000 9000 12000 150.00 180.00 210.00 240.00 270.00 300.00 330.00 360.00 mGPS 2 59 (24) 60 (24)
Days from LDH measurement to death (n*119)

Fig. 1 (a) Kaplan-Meier demonstrating cumulative survival by laboratory cachexia score (LCAS). Point zero taken as date of lactate dehydrogenase (LDH)
measurement. Includes Chi-square value for test of equality of survival distributions for the different categories of LCAS. (b) Graphic outlining calculation
of the LCAS. (c) Median survival in days by LCAS. (d) Table outlining the prevalence of each LCAS score within this cohort

In the present study, when considering the associa-
tion with 1-year survival, an LDH > 250 Units/L stratified
survival in patients who were mGPS 0 and correspond-
ingly mGPS=>1 stratified survival in patients with an
LDH <250 Units/L and survival was significantly worse
in patients who had both a raised LDH and mGPS. How-
ever, the numbers of observations was relatively small,
only 20 of 63 patients (32%) with mGPS 0 in the pres-
ent cohort had an LDH>250 Units/L suggesting that

metabolic dysfunction is less prevalent in the absence of
systemic inflammation. Further work is required in larger
cohorts to establish the strength of this relationship.
Interestingly, none of the GLIM phenotypic criteria
(unintentional weight loss, low BMI or reduced muscle
mass) were associated with either LCAS or overall sur-
vival in this cohort of advanced lung cancer patients. In
contrast, patients with advanced lung cancer with an
LCAS of 0 had 96% survival at 3 months and those with
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00 3000 6000 90.00 12000 150.00 180.00 210.00 240.00 270.00 300.00 330.00 360.00

Days from LDH measurement to death

b.
GRIm
00 GRIm Score
—11.00
2.00
—3.00 0 1 2 3
381 212 156 88
« GRIm - Score Parameters:
LDH > ULN =1
Albumin <35 g/LL =1
NLR >6 =1

Fig. 2 Kaplan-Meier demonstrating cumulative survival by Gustave Rousy Immune (GRIm) — Score. Point zero taken as date of lactate dehydrogenase
(LDH) measurement. Includes Chi-square value for test of equality of survival distributions for the different categories of GRIM. b. Median survival in days

by GRIm. d. Table outlining the construction of GRIm-Score (0-3)

a.

08 \l

1 Year Survival by LIPI

06 |

LIPI TN

Cum Survival
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0.0
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dNLR >3 =]
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Fig.3 Kaplan-Meier demonstrating cumulative survival by Lung Immune Prognostic Index (LIPI). Point zero taken as date of lactate dehydrogenase (LDH)
measurement. Includes Chi-square value for test of equality of survival distributions for the different categories of LIPI. b. Median survival in days by LIPI.
d. Table outlining the construction of LIPI (0/1/2 from LDH and derived neutrophil-lymphocyte ratio (dNLR)

an LCAS of 3 had 54% survival (p<0.001). This suggests
LCAS (capturing aetiologic criteria) has superior prog-
nostic value to that of GLIM phenotypic criteria. This has
implications for the clinical use of GLIM criteria. Further
work is required in larger cohorts to establish the rela-
tive prognostic value of aetiologic and phenotypic GLIM
criteria.

ECOG-PS has long been the gold standard tool used
to stratify the likely outcome of patients with advanced
cancer. Although undeniably clinically useful ECOG it
is a somewhat subjective measure with the result that

outcomes vary even in those patients with good perfor-
mance status (ECOG 0-1). Additionally, with the advent
of immunotherapy the importance of performance sta-
tus as a barrier to treatment has been questioned, with
numerous reports of good outcomes in patients with rel-
atively poor performance status [46, 47]. However, Khaki
and colleagues [48] recently voiced concerns about the
lack of real world patients included in immunotherapy
trials, and highlighted evidence showing worse response
rates, faster progression and shorter overall survival in
immunotherapy patients with an ECOG-PS =2 [49-52].
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Table 6 Hazard ratios for overall survival at 1 year from Cox Regression analysis in patients without metastatic disease (MO). All
variables which were significant on univariable analysis were included in the multivariable Cox Regression

Univariate Analysis p-value Multivariate Analysis p-value
Hazard Ratio (95% Cl) Hazard Ratio (95% Cl)

Age (<65/65-74/>74) 0.82 (0.63-1.08) 0.156

Sex (male/female) 4(0.75-1.74) 0.535

ECOG-PS (0-1/2/3-4) 1.17 (0.84-1.62) 0354

Chemotherapy 1.06 (0.69-1.63) 0.795

Weight Loss (yes/no) 1.03(0.67-1.57) 0.894

MUST (= 1) 1.00 (0.66-1.52) 0.990

BMI <20 (yes/no) 1.10 (0.57-2.12) 0.776

Low SMI 147 (0.89-2.44) 0.134

Low SMD 1.63(0.94-2.81) 0.080

NLR (< 3/3-5/>5) 1.79 (1.37-2.35) <0.001

mGPS (0/1/2) 2.08(1.58-2.74) <0.001

LDH (=250 Units/L) 1.73(1.14-2.62) 0.011

LCAS (0/1/2/3) 1.85(1.48-2.31) <0.001 1.85 (1.48-2.31) <0.001

GRIm (0/1/2) 1.74 (136-2.34) <0.001 0.78 (0.46-1.33) 0.361

LIPI(0/1/2) 1.93 (1.44-2.57) <0.001 1.28 (0.89-1.84) 0.177

They called for a predictive biomarker that could iden-
tify poor performance status patients who might ben-
efit. Predicting survival has always proven challenging in
the recruitment of phase I trials of advanced cancer and
cachexia treatments, as a survival of at least 3 months is
required to obtain the necessary outcomes. Whilst the
experienced clinician may be able to identify the dying
patient, end of the bed assessments and tools such as
ECOG-PS contain an element of subjective judgement
[53]. Simple and objective prognostic scores such as
LCAS which can stratify survival at 3, 6 and 12 months
may prove useful in trial recruitment. Additionally, LCAS
may augment decision making in the clinic concerning
issues such as transition from systemic therapy to symp-
tom control and discussions around disease trajectory.

In this context objective markers such as LCAS may
become increasingly useful. Indeed, recent work pub-
lished by Saal and colleagues would support such an
approach [27]. They reported that patients with radiolog-
ical evidence of disease progression but a low risk mGPS
had a better outcome that patients with stable disease
but a high risk mGPS. These results make the argument
for routine and serial measurement of mGPS in trial
patients. It remains to be determined whether LCAS will
be a further improvement to objective monitoring.

There are several limitations to the present study to
assess the clinical utility of a novel prognostic score.
Firstly, the retrospective nature of this single center
work may introduce selection bias and greater than 90%
of subjects had a non-small cell lung cancer subtype.
However, given the simplicity of the approach used (the
use of routinely available laboratory measures) prospec-
tive external validation of the present findings should be
readily carried out. Lastly, the present study pre-dates the
era of immunotherapy, which has fundamentally changed

the management of advanced lung cancer and so it would
be of particular interest to externally validate LCAS in
a population who have received immunotherapy and
within different lung histopathological subtypes.

In conclusion, LCAS is an objective measure of inflam-
mation and metabolic dysfunction which effectively
identifies cachexia and stratifies survival in patients with
advanced lung cancer. Although the underlying mecha-
nisms remain undefined, LCAS may represent a useful
addition to the GLIM criteria and a tool for stratifying
and monitoring patients enrolled in clinical trials.
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