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Background: Assessment of malnutrition, performance status and systemic inflammation are routine
aspects of clinical assessment in patients with advanced cancer. There is increasing evidence that body
composition measurements from routine staging CT also have prognostic value. To date the relative
prognostic value of Malnutrition Universal Screening Tool (MUST), Eastern Cooperative Oncology Group
Performance Status (ECOG-PS), modified Glasgow Prognostic score (mGPS) and CT derived body
composition analysis in patients with advanced lung cancer has not been examined. The aim of the
present study was to examine this relationship.
Methods: Clinicopathological characteristics including MUST, ECOG-PS, mGPS and body composition
data were collected pre-radiotherapy from a prospectively maintained database of patients with
advanced lung cancer (n = 643). Using the MUST score, patients were classified into low (MUST = 0,
n = 189), medium (MUST = 1, n = 341) and high (MUST > 2, n = 113) malnutrition risk and their
relationship to systemic inflammatory response (SIR) and body composition with clinical outcomes were
examined using univariate and multivariate analyses. Primary outcome of the study was overall survival.
Results: Compared with the patients at low nutrition risk (MUST = 0), patients at moderate to high risk
(MUST 1—>2) had poorer ECOG-PS > 1 (p < 0.01), elevated modified frailty index (mFI) (p < 0.001),
elevated mGPS (p < 0.001), lower skeletal muscle index (SMI, p < 0.01) but not lower skeletal muscle
density (SMD, p = 0.115). MUST was an important prognostic marker of 12 months overall survival
(p = 0.001). On multivariate analysis, higher MUST (HR 1.16, 95% CI 1.03—1.31, p < 0.05), ECOG-PS > 1 (HR
1.23, 95% CI 110—1.39, p < 0.001), elevated mGPS (HR 1.20, 95% CI 1.09—1.33, p < 0.001) were inde-
pendently associated with overall survival.
Conclusion: A large proportion of patients (71%) with advanced lung cancer were at moderate to high
nutrition risk. Higher malnutrition risk and elevated inflammatory status were independently associated
with poor overall survival. MUST, ECOG-PS and mGPS all had independent prognostic value and may
form an important prognostic framework in treatment decision making and resource utilization
© 2020 Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and Metabolism.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

1. Introduction

relatively poor compared with other advanced cancers, in part due to
the presence of cachexia. The definition of cancer cachexia has been

Although the treatment options for patients with advanced lung
cancer have increased over the last decade, prognosis remains
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the subject of ongoing discussion and there have been considerable
efforts torationalize its definition. The starting point for much of this
work was aninternational consensus in 2011 [1] and cancer cachexia
was defined as “a multifactorial 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
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leads to progressive functional impairment.” In the intervening
years the importance of systemic inflammatory responses in the
progressive nutritional and functional decline of patients with
cancer has been increasingly recognized and is now integral to the
definition and treatment of cancer cachexia [2—6]. This more
nuanced definition reflects the evolution of criteria in the definition
of malnutrition in which cancer cachexia is considered as part of
disease related malnutrition with inflammation [7,8].

The Global Leadership Initiative on Malnutrition [8] has pro-
posed that malnutrition be defined by using at least one phenotypic
criteria (weight loss, low BMI or low muscle mass) and at least one
aetiologic criteria (low food intake or assimilation and inflamma-
tion or disease burden). With reference to such work there are
established clinical tools that include such phenotypic and aetio-
logic criteria. For example, the malnutrition universal screening
tool (MUST) includes weight loss, BMI and nutritional intake
(Fig. 2), ECOG-performance status includes muscle mass and
function and the modified Glasgow Prognostic Score (mGPS) in-
cludes systemic inflammation. More recently, CT derived body
composition analyses have enabled accurate determination of
muscle mass [9]. To date, data on the interaction between these
tools and their comparative use to predict clinical outcome in pa-
tients with cancer has been limited. Recently, in patients with
operable colorectal cancer, approximately 20% of patients were
considered at medium or high nutritional risk by MUST and of these
approximately 40% also had evidence of systemic inflammation
(CRP > 10 mg/L) and both had independent prognostic value [10].
Therefore, the aim of the present study was to examine the rela-
tionship between MUST, ECOG, SIR and body composition in pa-
tients with advanced lung cancer.

2. Patients and methods

Clinicopathological characteristics including MUST, ECOG-PS,
mGPS and body composition data were collected prior to radio-
therapy into a prospectively maintained database of patients with
advanced lung cancer undergoing radiotherapy at The Beatson
West of Scotland Cancer Institute from Jan 2009 to Feb 2017
(n = 643). This included patients with available pre-treatment
MUST, systemic inflammatory scores and cross-sectional CT with
available L3 image. Only patients with TNM stage III/IV disease
were included in the analysis and 19 patients with TNM stage Il
were excluded. This study was approved by Health Research Au-
thority Ethics Committee (17/NW/0190) of Greater Glasgow and
Clyde NHS Health Board.

Malnutrition Universal Screening Tool (MUST) is included as a
part of admission checklist prior to commencing oncology
treatment and is performed by admitting nursing staff. MUST is a
bed side assessment of patient weight loss, BMI and nutritional
intake as shown in Fig. 2 [11]. Using MUST, patients were clas-
sified into low (MUST = 0, n = 189), medium (MUST = 1, n = 341)
and high malnutrition risk (MUST > 2, n = 113) as shown in Fig. 1.

Performance status was measured according to the Eastern
Cooperative Oncology Group (ECOG) classification which ranges
from grade O (fully active) to grade 5 (dead). ECOG grades 0 and 1
were grouped into one category as this has been standard practice
in the majority of prospective phase III trials in lung cancer.

Plasma CRP and albumin values were used to calculate the
mGPS score for each patient. The limit of detection for CRP was
5 mg/L and all samples were processed according to standardized
laboratory procedures. The mGPS was calculated as follows:

Patients with advanced lung

cancer from Jan 2009 to Feb 2017

with available MUST scores

n=662

4[ Excluded TNM stage I11=19 ]

MUST=0 MUST=1 MUST >2
At low malnutrition risk At medium malnutrition risk At high malnutrition risk
(n=341) 53% (n=113) 17.6%

(n=189) 29%

Fig. 1. Flow diagram of included patients with advanced lung cancer. MUST = Malnutrition Universal Screening Tool.
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Points MUST Score

>20 0 —

BMI score (kg/m?)

18.5-20 1
<185 2
Unplanned weight <5% 0
loss in the last 3-6 .
months 5-10% 1
>10% 2
Acutely unwell No 0
patient with no
nutritional intake
for > 5 days Yes 5

0= Low Risk

Total 1= Medium Risk

—— >2=High Risk

Fig. 2. The Malnutrition Universal Screening Tool (Elia et al., 2003) [11].

CRP < 10 mg/L = 0, CRP > 10 mg/L = 1, CRP > 10 mg/L and
albumin < 35 g/L = 2.

Body composition was assessed from the pre-radiotherapy CT
scans using image ] software (https://imagej.nih.gov/ij/). The CT
scan L3 DICOM image was analysed for total fat area (TFA), visceral
fat area (VFA), subcutaneous fat area (SFA), skeletal muscle area
(SMA) and skeletal muscle density (SMD). Measurements were
performed by two individuals (TA and RD) blinded to the patients’
clinical data on a sample of 40 patients to reduce the risk of
observer bias and ensure accuracy. The interrater reliability was
assessed using inter-class correlation coefficients (ICCs). The ICCC
values were as follows; TFA and VFA = 0.999; SMA = 0.996 and
SMD = 0.993. The cross-sectional area of fat and muscles was
normalized for height (m?) to calculate fat and skeletal muscle
indices. The thresholds used for subcutaneous adiposity [12],
visceral obesity [13], low SMI and low SMD [14] were shown in
Table 1.

The relationship between the MUST score (Fig. 2) and its rela-
tionship with clinicopathological factors including ECOG-PS, mGPS
and body composition analysis (in particular SMI) and survival was
examined using univariate and multivariate analyses. (> test was
used for analysis of categorical variables.

Overall survival was calculated in months and defined as the
time from study entry until death or censored if alive at follow-up
date (1st October 2019). Median duration of follow up was 10
months. Cox proportional hazard model was used to calculate HR
and 95% CI for overall survival. Significant variables identified on
univariate analysis (p < 0.1) were entered into multivariate analysis
in backward conditional manner and adjustment was performed
for patient age and sex. Survival curves were obtained using Kaplan
Meier analysis and 3-year survival rates were calculated by life
table analysis. P-value of <0.05 was considered significant. The

statistical analysis was performed using SPSS version 25 (IBM
Corporation, 2017, Armonk, NY).

The study has been conducted and adheres to the Reporting
Recommendations for Tumor Marker Prognostic Studies (REMARK)
guidelines [15].

3. Results

All patients included in this study were discussed in multi-
disciplinary meeting (MDM) and an informed decision was made
by considering tumour and patient characteristics and patient
wishes. All patients received radiotherapy. 54% of patients in this

Table 1
Body composition thresholds used in patients with advanced lung cancer.

CT derived body composition measurement

Subcutaneous adiposity
Increased Subcutaneous fat index (Ebadi threshold) [12]
Males: SFI > 50 cm? m?
Females: SFI > 42 cm? m?
Visceral Obesity
Increased visceral obesity (Doyle threshold) [13]
Males: VFA > 160 cm?
Females: VFA > 80 cm?
Sarcopenia
Low SMI (Martin) (Martin, Birdsell et al. 2013) [14]
Males: BMI < 25 kg/m? and SMI < 43 cm? m? or BMI > 25 kg/m? and
SMI < 53 cm? m?
Females: BMI < 25 kg/m? and SMI < 41 cm? m? or BMI > 25 kg/m? and
SMI < 41 cm? m?
Myosteatosis
Low SMD (Martin) (Martin, Birdsell et al. 2013) [14]
BMI < 25 kg/m? and SMD < 41 HU or BMI > 25 kg/m? and SMD < 33HU
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cohort also received concurrent systemic chemotherapy. Platinum
compounds (cisplatin and carboplatin) being the first line chemo-
therapeutic agents. 8 (1.2%) patients also received immunotherapy
with programmed cell death (PD-1) inhibitors e.g. Nivolumab. Pa-
tients with high malnutrition risk received less chemotherapy (see
Table 2).

Nutritional status was determined using MUST score prior to
commencing radiotherapy. 640 (99.5%) patients received radio-
therapy to the chest. Careful marking of the patients receiving
radiotherapy was carried out prior to treatment to limit toxicity
to the surrounding structures. Because of advanced stage of these
patients, various other regions of body were also radiated, brain
n = 31 (4.8%), spinal n = 18 (2.8%), bone n = 16 (2.5%) n = neck
n = 3 (0.5%). Distant metastases were common. Common regions
of metastases were skeletal (109, 17%), liver (83, 13%), adrenal
(68, 11%), brain (64, 10%), spine (34, 5%), pancreas (7, 1%) and
kidneys (7, 1%). Patients were discussed in MDM. Patients with

symptomatic brain metastases (n = 16) and those with advanced
stage small cell lung cancer (n = 15) received cranial
radiotherapy.

Only patients receiving radiotherapy as principal mode of
treatment were included in the study. However, 12 of these patients
(2%) had prior lobectomy and 1 had previous pneumonectomy,
these patients developed post-operative recurrence and had
advanced lung cancer.

Comorbidities were assessed systematically and were docu-
mented using body systems as shown (Supplementary Table 1a).
These were grouped into 11 point scoring system called as modified
frailty index which is validated screening tool in oncological and
geriatric population [16—18]. These comorbidities scores were
added and classified into 4 groups (Supplementary Table 1b).
Relationship of the MUST and mFI was examined in Table 2.
Comorbidities were strongly associated with MUST categories and
this was independent of ASA class (p < 0.001).

Table 2
The relationship between MUST, clinicopathological characteristics, CT derived body composition and overall survival in patients with advanced lung cancer (n = 643).
Characteristics Total MUST =0 MUST = 1 MUST = 2 p-value
n =643 n = 189 (29%) n = 341 (53%) n=113(18%)

Age,y
<65 195 (30.3) 57 (30.2) 107 (31.4) 31(27.4) 0.854
65—74 249 (38.7) 78 (41.3) 119 (34.9) 52 (46.0)
>74 199 (30.9) 54 (28.6) 115 (33.7) 30 (26.5)

Sex
Male 330(51.3) 94 (49.7) 179 (52.5) 57 (50.4) 0.815
Female 313 (48.7) 95 (50.3) 162 (47.5) 56 (49.6)

ASA
Il 60 (9.3) 23 (12.2) 26 (7.6) 11(9.7) 0.125
11 434 (67.5) 127 (67.2) 236 (69.2) 71 (62.8)
v 149 (23.2) 39 (20.6) 79 (23.2) 31(27.4)

mFI
Group | 31 (4.8) 19 (10.1) 10 (2.9) 2(1.8) <0.001
Group II 122 (19) 50 (26.5) 58 (17) 14 (12.4)
Group Il 237 (36.9) 51(27) 138 (40.5) 48 (42.5)
Group IV 253 (39.3) 69 (36.5) 135 (39.6) 49 (43.4)

Cancer type
NSCLC 521 (81) 148 (78.3) 283 (83) 90 (79.6) 0.386
SCLC 122 (19) 41 (21.7) 58 (17) 23 (20.4)

TNM
3 240 (37.3) 64 (33.9) 137 (40.2) 39 (34.5) 0.684
4 403 (62.7) 125 (66.1) 204 (59.8) 74 (65.5)

ECOG
0-1 402 (62.5) 131 (69.3) 213 (62.5) 58 (51.3) 0.001
2 174 (27.1) 45 (23.8) 92 (27) 37 (32.7)
3 67 (10.4) 13 (6.9) 36 (10.6) 18 (15.9)

mGPS
0 169 (26.3) 82 (43.4) 65(19.1) 22 (19.5) <0.001
1 175 (27.2) 51 (27) 104 (30.5) 20 (17.7)
2 299 (46.5) 56 (29.6) 172 (50.4) 71 (62.8)

Body composition

Subcutaneous adiposity (Ebadi threshold) [12]
No 140 (22.2) 30(16.9) 73 (21.5) 37 (32.7) 0.002
Yes 490 (77.8) 148 (83.1) 266 (78.5) 76 (67.3)

Visceral obesity (Doyle threshold) [13]
No 154 (24.4) 36 (20.2) 79 (23.3) 39 (34.5) 0.009
Yes 476 (75.6) 142 (79.8) 260 (76.7) 74 (65.5)

Low SMI (Martin threshold) [14]
No 374 (58.2) 128 (67.7) 194 (56.9) 52 (46) <0.001
Yes 269 (41.8) 61 (32.3) 147 (43.1) 61 (54)

Low SMD (Martin threshold) [14]
No 213 (33.1) 71 (37.6) 110 (32.3) 32(28.3) 0.086
Yes 430 (66.9) 118 (62.4) 231 (67.7) 81 (71.7)

Concurrent chemotherapy
Yes 344 (53.5) 114 (60.3) 179 (52.5) 51 (45) 0.009
No 299 (46.5) 75 (39.7) 162 (47.5) 62 (55)

Radiotherapy intent
Radical 117 (18.2) 31(16.4) 70 (20.5) 16 (14.2) 0.236
Palliative 526 (81.8) 158 (83.6) 271 (79.5) 97 (85.8)

Survival
12 months survival % (SE) 45 (2) 57 (4) 43 (3) 34 (4) 0.001
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Of the 643 lung cancer patients studied, the majority of patients
were >65 years old (70%), had ASA Il (67%), had NSCLC (81%), had
TNM stage IV (63%), had ECOG 0—1 (62%), had systemic inflam-
mation (mGPS > 0, 74%) and had MUST >1 (71%). The majority of
patients had subcutaneous adiposity (78%), visceral obesity (76%),
had normal SMI (58%) and had low SMD (67%). The majority of
patients received radiotherapy with palliative intent (82%). On
follow-up 593 died (95% cancer related and 5% of non-cancerous
causes).

The relationship between MUST, clinicopathological character-
istics and body composition is shown in Table 2. A higher MUST was
significantly associated with elevated mFI (p < 0.001), poorer
ECOG-PS (p = 0.001), elevated mGPS (p < 0.001), less subcutaneous
adiposity (p < 0.01), less visceral obesity (p < 0.01), low SMI
(p < 0.001) and poorer 12-month survival rate (p = 0.001).

The relationship between clinicopathological characteristics,
body composition and overall survival is shown in Table 3. On
univariate analysis, higher TNM stage (p < 0.001), MUST
(p < 0.001), ECOG-PS (p < 0.001), mGPS (p < 0.001) and low SMI
(p <0.05) were significantly associated with poorer overall survival.
On multivariate analysis, TNM stage (HR 1.64, 95% CI 1.38—1.94,
p < 0.001), MUST (HR 1.16, 95% CI 1.03—1.31, p < 0.05), ECOG-PS (HR
1.23, 95% CI 1.10—1.39, p < 0.001) and mGPS (HR 1.20, 95% CI
1.09—1.33, p < 0.001) were independently associated with overall
survival. The relationship between MUST, ECOG-PS, mGPS and
overall survival is shown in Fig. 3.1, 3.2 and 3.3 respectively.

The relationship between TNM stage, MUST, ECOG-PS, mGPS
and overall survival in patients with advanced lung cancer (stage
[II-1V) was shown in Tables 4a, 4b, 4c and 4d. In all patients
(Table 4a, n = 643) on multivariate cox regression analysis, TNM
stage (HR 1.70, 95% CI 1.43—2.01, p < 0.001), MUST (HR 1.17, 95% CI
1.04-131, p = 0.011), ECOG-PS (HR 1.25, 95% CI 1.11-1.40,
p < 0.001) and mGPS (HR 1.24, 95% CI 1.13—1.37, p < 0.001) were
independently associated with overall survival.

In patients with MUST = 0, the relationship between TNM stage,
ECOG-PS, mGPS and overall survival was shown in Table 4b
(n = 189). On multivariate cox regression analysis, TNM stage (HR
2.49, 95% CI 1.74—3.58, p < 0.001) and ECOG-PS (HR 1.22, 95% CI
0.94—-1.57, p = 0.013) were independently associated with overall
survival.

In patients with MUST = 1, the relationship between ECOG-PS,
mGPS and overall survival was shown in Table 4c (n = 341). On
multivariate cox regression analysis, TNM stage (HR 1.67, 95% CI
133-2.09, p < 0.001), ECOG-PS (HR 117, 95% CI 0.99-1.37,

Table 3
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p = 0.060) and mGPS (HR 1.25, 95% CI 1.08—1.45, p = 0.002) were
independently associated with overall survival.

In patients with MUST > 2, the relationship between TNM stage,
ECOG-PS, mGPS and overall survival was shown in Table 4d
(n = 113). On multivariate cox regression analysis, ECOG-PS (HR
132, 95% CI 1.02—1.71, p = 0.033) and mGPS (HR 1.61, 95% CI
1.24—-2.09, p < 0.001) were independently associated with overall
survival.

Therefore, TNM stage had independent prognostic value in low
and medium risk MUST which was maintained after adjustment for
age and sex. Tumour characteristics and host phenotype both were
important for lung cancer treatment.

The relationship between MUST, ECOG-PS, mGPS and overall
survival in patients with TNM stage IV disease was examined
(n = 403). In these patients, MUST and ECOG-PS were not inde-
pendently associated with overall survival (p = 0.343 and
p = 0.057), while mGPS had independent prognostic value (HR 1.26,
95% CI 1.10—1.43, p = 0.003).

4. Discussion

The results of the present study show that, in patients with
advanced lung cancer, nutritional risk (MUST) was associated with
poor performance status (ECOG-PS), systemic inflammation and
lower fat (SFI and VFA) and muscle mass (SMI). Moreover, together
with performance status and systemic inflammation, MUST had
independent prognostic value whereas body composition mea-
sures did not. Taken together, the present study shows, for the first
time, the optimal combination of routine clinical phenotypic and
aetiologic criteria of malnutrition to predict survival in patients
with advanced lung cancer.

Antoun and coworkers (2019) reported that, in 531 patients
with non-small cell lung cancer, higher cachexia stage as defined by
the original criteria of Fearon and coworkers [1,19] was associated
with poorer functional items of quality of life and activity levels but
not low SML In this study, approximately 70% of patients were
defined at nutritional risk and none of these parameters was
examined in relation to survival [20]. Also, Daly and coworkers
(2020) in 1027 patients with advanced cancer and using Fearon
criteria to define BMI adjusted weight loss grading system (WLGS;
Martin et al.,, 2015 [19]), reported that higher WLGS was associated
with poorer functional and symptom scales of quality of life ques-
tionnaires. Furthermore, higher WLGS (grade 4) was associated
with poorer overall survival. In this study approximately 40% of

The relationship between clinicopathological characteristics and overall survival in patients with advanced lung cancer: univariate and multivariate analysis (n = 643).

Variables Univariate analysis p-value Multivariate analysis p-value
HR (95% CI) HR (95% CI)
Clinico-pathological
Age (<65/65—74/>74) 0.93 (0.84—1.03) 0.147
Sex (male/female) 0.97 (0.83—1.14) 0.710
ASA (1I-1V) 0.96 (0.83—1.11) 0.541
TNM stage (IlI-1V) 1.65 (1.40—1.95) <0.001 1.64 (1.38—1.94) <0.001
MUST (0/1/>2) 1.25 (1.11-1.40) <0.001 1.16 (1.03-1.31) 0.012
ECOG-PS (0—1/2/3) 1.29 (1.15-1.45) <0.001 1.23 (1.10—-1.39) <0.001
mGPS (0/1/2) 1.28 (1.16—1.41) <0.001 1.20 (1.09—-1.33) <0.001
Body composition
Subcutaneous adiposity (Ebadi threshold) [12] 0.98 (0.81-1.19) 0.856 — —
Visceral adiposity (Doyle threshold) [13] 0.98 (0.82—1.18) 0.838 - -
Low SMI (Martin threshold) [14] 1.22 (1.04—1.43) 0.014 1.17 (1.00—1.38) 0.055
Low SMD (Martin threshold) [14] 1.11 (0.94—-1.31) 0.217

Cox regression analysis, variables with p < 0.1 on univariate analysis were entered into backward conditional multi variate analysis. p-value <0.05 was considered significant.
ASA, American Society of Anaesthesiologists score; TNM, tumour, node, metastasis.; mGPS, modified Glasgow Prognostic Score; NLR, neutrophil lymphocyte ratio; SMI,

skeletal muscle index; SMD, skeletal muscle radiodensity.
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TMUST=0
-MMUST=1
-"IMUST= 2

Overall survival (months)

Figure 3.1: The relationship between the MUST and OS in patients with advanced lung cancer.

(Median Survival in months: MUST 0: 13, MUST 1: 10, MUST > 2: 6.0)

08 ~TECOG-PS=3

Figure 3.2: The relationship between the ECOG-PS and OS in patients with advanced lung cancer.

(Median Survival in months ECOG-PS 0-1: 11, ECOG-PS 2: 10 ECOG-PS 3: 7)

ITECOG-PS=0/1
—TECOG-PS=2

IP<0.001]
04
02
00
0 6 12 18 2 30 36
Overall survival (months)

mGPS=0 167 138 05 64
mGPS=1 170 137 87 53
mGPS=2 301 194 101 57

MUST=0 186 153 105 68 40 26 20
ECOG=0/1 388 307 189 118 773 49 33
MUST=1 340 259) 143 85 49 36 18
ECOG =2 179 124 70 43 25 20 14
MUST=>2 iz 64 35 21 14 10 10 ECOG =3 7 38 24 13 5 3 1
10
'mGPS=0
I mGPS=1
08 MmGPS=2
08
P<0.001]
04
02
00
0 ] 12 18 24 30 36

Overall survival (months)

Figure 3.3: The relationship between the mGPS and OS in patients with advanced lung cancer.

(Median Survival in months: mGPS 0: 13, mGPS 1: 12, mGPS 2: 8)

40 30 18

27 17 14

36 25 16

Fig. 3. 1: The relationship between the MUST and OS in patients with advanced lung cancer. (Median Survival in months: MUST 0: 13, MUST 1: 10, MUST > 2: 6.0). 2: The
relationship between the ECOG-PS and OS in patients with advanced lung cancer. (Median Survival in months ECOG-PS 0—1: 11, ECOG-PS 2: 10 ECOG-PS 3: 7). 3: The relationship
between the mGPS and OS in patients with advanced lung cancer. (Median Survival in months: mGPS 0: 13, mGPS 1: 12, mGPS 2: 8).

patients were defined at nutritional risk [21]. Recently, Dolan and
coworkers reported that, in 730 patients with advanced cancer,
when WLGS was directly compared with ECOG-PS and mGPS all 3
were independently associated with overall survival. In this study
40% of patients were defined at nutritional risk. In those patients

not at nutritional risk (WLGS 0/1), ECOG-PS and mGPS retained
prognostic value [22]. In the present study, using MUST, approxi-
mately 70% of patients were considered at nutritional risk and of
these approximately 80% also had evidence of systemic inflam-
mation (CRP > 10 mg/L) and both had independent prognostic
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Table 4
The relationship between TNM stage, MUST, ECOG-PS, mGPS and overall survival in patients with advanced cancer (n = 643).
Characteristics Univariate p-value Multivariate p-value Multivariate Adjusted for Age and Sex p-value
Table 4a
TNM (IlI-1V) 1.74 (1.47-2.06) <0.001 1.70 (1.43—-2.01) <0.001 1.70 (1.44—-2.02) <0.001
MUST 0—>2 1.25 (1.11-1.40) <0.001 1.17 (1.04-1.31) 0.011 1.17 (1.04—-1.32) 0.008
ECOG-PS (0—1/2/3) 1.29 (1.15-1.45) <0.001 1.25 (1.11-1.40) <0.001 1.28 (1.14—-1.44) <0.001
mGPS (0/1/2) 1.28 (1.16—1.41) <0.001 1.24 (1.13-1.37) <0.001 1.25(1.13-1.38) <0.001
Table 4b MUST = 0 n =189
TNM (II-1V) 2.35(1.65—3.35) <0.001 2.49 (1.74—3.58) <0.001 2.35(1.65—3.35) <0.001
ECOG-PS 1.29 (1.01-1.67) 0.045 1.22 (0.94-1.57) 0.013 1.24 (0.96—1.60) 0.098
mGPS 1.10 (0.92—1.30) 0.294
Table 4c MUST = 1 n = 341
TNM (II-1V) 1.77 (1.42-2.22) <0.001 1.67 (1.33-2.09) <0.001 1.70 (1.35-2.14) <0.001
ECOG-PS 1.22 (1.04—1.43) 0.015 1.17 (0.99-1.37) 0.060 1.19 (1.02—1.40) 0.031
mGPS 1.27 (1.10—1.46) 0.001 1.25 (1.08—1.45) 0.002 1.26 (1.09—1.45) 0.002
Table 4d MUST = >2 n=113
TNM (II-1V) 1.35 (0.91—-2.00) 0.140
ECOG-PS 1.33 (1.03—-1.71) 0.029 1.32 (1.02—-1.71) 0.033 1.40 (1.08—1.83) 0.012
mGPS 1.62 (1.24-2.10) <0.001 1.61 (1.24—-2.09) <0.001 1.60 (1.24—-2.08) <0.001

value. Therefore, given the present and these previous results
MUST and WLGS are useful prognostic adjuncts to the ECOG-PS/
mGPS framework. It remains to be determined whether existing
measures of nutritional risk such as MUST or new measures such as
WLGS have most clinical utility in patients with advanced cancer.

In Europe, Malnutrition Universal Screening Tool (MUST)
developed by task force established by BAPEN [11] is commonly
used and medical and nursing staff are familiar with its use and
clinical applicability. MUST reliably assesses host factors (BMI),
weight loss and food intake and has been shown to provide a
validated scoring system to reliably assess nutritional status [23].
Therefore, since MUST is already part of routine clinical assessment,
WLGS would have to be shown to be superior to MUST to enter
routine clinical practice. Similarly, globally where other nutritional
risk screening tools are used in clinical practice [24], WLGS would
have to show superior prognostic value.

It has now been established that the systemic inflammatory
response has prognostic value in localised and advanced cancer
patients. In the present study the mGPS was used to assess the
systemic inflammatory response as it is routinely clinically avail-
able, has standardised thresholds and has been extensively vali-
dated [25].

The results of the present study clearly support the GLIM rec-
ommendations on the assessment of disease related malnutrition
and multimodal approach to the treatment of cancer cachexia such
as the MENAC trials [26]. Moreover, given the simplicity of MUST,
ECOG-PS and mGPS assessments, this framework should be applied
to existing advanced cancer datasets and clinical trials to identify
important patient subgroups amenable to targeted treatment.

In the present study validated prognostic tools were compared
to examine whether they had complementary value in patients
with advanced lung cancer and the combination of MUST, ECOG-PS
and mGPS provided a routine clinically available assessment that is
compatible with GLIM guidelines and predicts overall survival.
Indeed, some the components of MUST and the mGPS are captured
in the new GLIM criteria. These include the phenotypic criteria such
as weight loss and low BMI and etiologic criteria such as compro-
mised dietary intake and inflammation. Therefore, in the present
analysis it would appear that some of the GLIM criteria do indeed
have complementary prognostic value. However, in contrast to the
validated prognostic tools used in the present study, it remains to
be established how the GLIM criteria are to be measured and

combined for optimal prognostic value. Furthermore, the GLIM
criteria do not include a measure of physical activity and perfor-
mance status was shown to have independent prognostic value in
the present study.

A number of studies have shown that approximately 50% of
patients with terminal lung cancer did not have a discussion of
hospice and end of life care, two months before death [27]. By
taking into consideration objective tumour and host characteristics
it may be possible to have such discussions on an evidence based
basis and therefore better palliation of symptoms and end of life
care.

The present study has some limitations. This is a retrospective
cohort study and has limitations seen with this study design.
However, data were collected using a prospective proforma and
thus the study had well documented clinicopathological data
reducing the risk of bias. Further prospective and longitudinal
studies on examining relationship between MUST, ECOG-PS, SIR
and body composition in patients with advanced cancer are
warranted.

In summary, there was a strong association between MUST,
ECOG-PS, mGPS and low SMI in patients with advanced lung cancer.
However, only MUST, ECOG-PS and mGPS were independently
associated with overall survival. The combination of MUST, ECOG-
PS and mGPS provides a routine clinically available assessment
that is compatible with GLIM guidelines and predicts overall
survival.
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