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Abstract

Background and aims: Metastatic non-small cell lung cancer (NSCLC) is the first cause of

cancer death worldwide. Increased resting energy expenditure (REE) is frequent among
cancer patients and may contribute to cancer cachexia. The aim of this study was to examine
the prognostic value of increased REE in metastatic NSCLC patients.

Methods: This observational study was conducted between June 2012 and November 2017 in
the outpatient unit of the oncology department of Cochin hospital, Paris. Consecutive patients
with newly diagnosed stage IV NSCLC underwent measurement of REE by indirect
calorimetry before treatment initiation. Uni- and multivariate analysis of overall survival (OS,
Cox models) included age, sex, smoking habit, histological subtype, performance status, body
mass index, weight loss, albumin and CRP levels and the ratio of measured REE to the REE
predicted by the Harris Benedict formula (mREE/pREE).

Results: 144 patients were enrolled: mean age 64 years, 63% male, 90% non-squamous
carcinoma, including 17% with ALK/EGFR alteration. In univariate analysis, tobacco
consumption (p = 0.007), histo-molecular subtype (p < 10), performance status (p = 0.04),
weight loss (p < 10™), albumin (p < 10#), CRP (p = 0.001) and mREE/pREE ratio (> vs <
120%: HR = 2.16, p < 107) were significant prognostic factors of OS. Median OS were 6.1
and 17.3 months in patients with mREE/pREE ratio > and < 120%, respectively. In
multivariate analysis, histo-molecular subtype (non-squamous ALK/EGFR mutated vs
squamous carcinoma: HR = 0.25, p = 0.006), weight loss (> vs <5%: HR = 1.98, p = 0.004),
albumin (> vs < 35 g/L: HR = 0.56, p = 0.02) and mREE/pREE ratio (> vs < 120%: HR =
1.90, p = 0.004) were identified as independent prognostic factors.

Conclusions: Elevated resting energy expenditure emerges as an independent prognostic

factor in metastatic NSCLC.
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Abbreviations:

ALK, Anaplastic Lymphoma Kinase

BMI, Body Mass Index

Cl1, Confidence Interval

CRP, C-Reactive Protein

EGFR, Epidermal Growth Factor Receptor
HR, Hazard Ratio

LBM, Lean Body Mass

mREE, measured REE

NSCLC, Non-Small Cell Lung Cancer

0OS, Overall Survival

PREE, predicted REE by the Harris Benedict formula

REE, Resting Energy Expenditure
SMA, Skeletal Muscle Area

V02, Oxygen consumption
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Introduction

Lung cancer is the first cause of cancer death worldwide. Non-small cell lung cancer
(NSCLC) represents 80% of lung cancer diagnoses and only 50% of patients with NSCLC
present with a resectable disease at the time of diagnosis(1). Despite recent advances in
immunotherapy, the 5-year survival rate of patients with metastatic NSCLC remains less than
30 %(2). Half of NSCLC patients already show weight loss > 5% at diagnosis(3,4). Weight
loss and cachexia are associated with poor prognosis and up to 20 % of patients will die from
cancer cachexia rather than from the tumor burden itself(5-7).

Cancer-associated weight loss results from negative energy balance, due to decreased food
intake, increased energy expenditure or both(8). Resting energy expenditure (REE) represents
the main component of total energy expenditure, well ahead of energy expenditure induced by
diet or physical activity. Increased REE, i.e. hypermetabolism, occurs in approximately half
of cancer patients(9,10). Hypermetabolism is related to proinflammatory cytokines and
neuroendocrine responses(11,12), and is frequent in advanced NSCLC(9,11).

Increased REE is considered as an early and major contributor to cancer cachexia(10).
However, the prognostic value of REE has been poorly evaluated so far(13). Survival was not
the main endpoint in most of REE studies in cancer patients. Moreover, studies evaluating the
impact of REE on survival included different tumor types and stages, ranging from adjuvant
to advanced palliative setting, leading to discordant results(10,14—17).

The aim of this study was to examine the prognostic value of increased REE in a large cohort

of patients with metastatic NSCLC, and to compare it to standard prognostic factors.

Materials and Methods

Patients



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

We conducted a prospective, observational study between June 1* 2012 and November 30"
2017 in Cochin Hospital. We enrolled consecutive patients who participated in a
multidisciplinary risk assessment program in the outpatient unit of the oncology department.
This program is proposed to every cancer patient before chemotherapy initiation and aims at
providing personalized supportive care.

Key eligibility criteria were age 18 years or older, stage IV histologically proven NSCLC,
first line therapy for metastatic disease. Main exclusion criteria were the absence of REE
measurement at steady state or active malignancy other than NSCLC. Patients were followed
until the date of their death or their last examination. Follow-up period ended on May 31%,
2018.

Written informed consent was obtained for all patients. The study was approved by the

Cochin Institutional Review Board according to the declaration of Helsinki.

Multidisciplinary risk assessment

Patients underwent a multidisciplinary evaluation including consultation with an oncologist, a
dietitian, a psychologist, a pharmacist, and, if required, a social worker, a palliative care
physician, or any other specialist (e.g., geriatrist or cardiologist).

REE was determined prior chemotherapy initiation, under standard resting conditions, i.e.
after 12 hours of fasting and 15 minutes of complete bed rest, in a thermo-neutral
environment. For each patient, oxygen consumption (VO2) was measured during 15 minutes
by indirect calorimetry using a face mask connected to an oxygen analyzer (Fitmate,
COSMED, Italy). The calorimeter was calibrated before each measurement. The first 5-
minutes of measurement were used to ensure that the steady state, i.e. VO2 variation by less

than 10%(18), was achieved, and were discarded for the analysis. Measured REE (mREE,
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kcal/d) was determined from VO2 using Weir’s equation(19), with a fixed respiratory
quotient of 0.85.

To evaluate the extent of REE alteration compared to healthy individuals, mREE was
compared to predicted REE (pREE), calculated with revised Harris and Benedict
equations(20):

- males: pREE (kcal/d) = 88.362 + 13.397 x W + 4799 x H-5.677 x A

- females: pREE (kcal/d) = 447.593 + 9.247 x W +309.8 x H-4.33x A

with W, weight in kilograms; H, height in centimeters; and A, age in years.

Although a majority of studies classified hypermetabolic patients based on the standards of
Boothby(21) —i.e. mREE/pREE > 110% -, this ratio is often very high in NSCLC
patients(11,22), making that up to 80% of patients are classified as hypermetabolic. Thus,
several cut-off values of mREE/pREE have been proposed in the literature to define
hypermetabolism in this specific population(11,23). In face of this ongoing debate, we have
evaluated cut-off values of 110, 115 and 120% to define hypermetabolism.

Anthropometric measurements included body weight — measured with a medical balance —
and height — measured with a stadiometer. Body mass index (BMI) was calculated as weight
(kg)/height (m?). Weight loss in the last 6 months and Eastern Cooperative Oncology Group
performance status was also recorded.

Since REE depends mainly on lean body mass (LBM), LBM was estimated from CT-scans
performed for diagnosis procedures within the month of REE measurement. Skeletal muscle
area (SMA) at the third lumbar vertebra (L3) was measured using ImageJ® software (NIH,
USA) and LBM was calculated as(24): LBM (kg) = L3 SMA (cm?) x 0.30 + 6.06. For
comparative analyses, mREE/LBM ratio was dichotomized into 2 groups (“high” and “low”)

according to its median value.
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Routine biological tests included serum albumin and plasmatic C-reactive protein (CRP)
levels, measured by nephelometry (BN II, Siemens) and liquid turbidimetry (Cobas, Roche

Diagnostic) respectively.

Statistical analyses

Calculations were performed using R statistical software (version 3.5.1, R Stats Package).
Comparisons between groups were performed with Student t-test for quantitative variables
and with chi-square test for qualitative variables.

Overall survival (OS) was defined as the time elapsed between evaluation and death or last
follow-up visit. Survival curves were obtained with Kaplan-Meier estimates and compared
with log-rank test. We calculated that we would need to enroll 57 patients in normo- and
hypermetabolic groups to show a 30% difference of overall survival at 12 months (65% vs
35% respectively) with a two-sided 5% significance level and a 90% statistical power.

Cox proportional hazards regression was used to identify clinical and biological variables
associated with OS. Variables with p value < 0.1 in univariate analyses were then combined
into multivariable models. In a sensitivity analysis, we also investigated the prognostic value
of mREE/pREE ratio after adjustment on variables associated with elevated mREE/pREE
ratio, of mREE/pREE ratio after exclusion of outliers -defined by values of mREE/pREE ratio
exceeding 2 standard deviations above or below the mean (9 patients)-, and of mREE/pREE
ratio as continuous variable. To consider the potential confounding effect of body
composition, we also evaluated the prognostic value of mMREE/LBM. The proportional
hazards assumption was checked for each model using graphical methods based on Kaplan-
Meier curves and the scaled Schoenfeld residuals.

All p-values were two-sided, and the level of significance was set at p < 0.05.
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Results

Patient characteristics

From June 2012 to November 2017, 170 patients underwent a multidisciplinary risk and need
assessment for newly diagnosed metastatic NSCLC, among which 144 (85%) met all the
study criteria for analysis (Figure 1). The main reason for exclusion (n = 24) was the absence
of REE measurement.

Baseline population characteristics are presented in Table 1. Study population included a vast
majority of non-squamous carcinoma (90%), with 17% of ALK/EGFR alteration. Most
patients showed a fairly preserved physical condition at the time of evaluation, with 56% of
patients having a performance status of O or 1 (Table 1).

mREE in study patients estimated by indirect calorimetry was higher than pREE calculated
from revised Harris and Benedict equation (mean 1653 vs 1421 kcal/d, p < 10°). Mean
mREE/pREE ratio was 116%, ranging from 46 to 182%. Using cut-off values of 110, 115,
and 120% in mREE/pREE ratio, a total of 91 (63%), 77 (53%) and 57 (40%) patients were
classified as hypermetabolic respectively. In the subgroup of patients with body composition
assessment (n=81), mean mREE/LBM was 38.5 kcal/kg/d and was correlated to mREE/pREE
ratio (r=0.77, p < 10719).

Median follow-up period was 9.8 months, with 13 patients (9%) lost to follow-up. No
significant differences in mREE/pREE ratio were observed between lost to follow-up patients

and the rest of the cohort (mean 112 and 116% respectively, p = 0.36).

Hypermetabolism is associated with clinical and biological features of cachexia

Comparisons of baseline characteristics between hypermetabolic (mMREE/pREE ratio > 120%)

and normometabolic (MREE/pREE ratio < 120%) patients is presented in Table 1.
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Hypermetabolism was more frequently observed in men than in women. Hypermetabolism
was associated with diffuse metastatic disease (> 2 metastatic sites) and with clinical and
biological features of pre-cachexia and cachexia (altered performance status, weight loss, low
albumin and trend towards high CRP level, Table 1). Altered performance status and weight
loss > 5% were observed in 58% and 62% of hypermetabolic patients, and in 29% and 34% of
normometabolic patients, respectively (p=0.009 and <107).

In the subgroup of patients with LBM measurement (n=81), mREE/LBM was significantly

higher in hypermetabolic than in normometabolic patients (43.7 vs 34.8 kcal/kg/d, p < 10°).

Hypermetabolism is an adverse prognostic factor in metastatic NSCLC

During the follow-up period, 98 death events (68% of patients) were observed. Median OS for
the study population was 11.9 months (95% confidence interval (CI): 9.6 -17.5). The 1- and
2- year OS rates were 49 and 26% respectively.

In univariate analysis of OS, tobacco consumption, absence of EGFR or ALK molecular
alteration, altered performance status, weight loss, low albumin, high CRP, and increased
mREE/pREE ratio were identified as adverse prognostic factors (Table 2). A mREE/pREE
ratio over 120% was associated with a worse prognosis (hazard ratio (HR): 2.16, 95% CI:
1.45-3.21, p < 10°*) than mREE/pREE ratio > 110% or 115% (Table 2). Median OS were 6.1
(95% CI: 4.4-10.9) and 17.5 months (95% CI: 13.8-24.6, log-rank p < 107) in patients with a
mREE/pREE ratio over or below 120% respectively (Figure 2).

In multivariable analysis of OS, histo-molecular subtype (p = 0.002), weight loss (p = 0.004),
and mREE/pREE ratio (> 120 vs < 120%, HR: 1.84, 95% CI: 1.19-2.85, p = 0.006) were
independent prognostic factors (Table 3).

In sensitivity analyses, increased mREE/pREE ratio was an independent prognostic factor of

OS in multivariable models after adjustment on sex (HR: 1.92, 95% CI: 1.22-3.05, p = 0.005)
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or on number of metastatic sites (HR: 1.90, 95% CI: 1.22-2.95, p = 0.004), after exclusion of
outliers (HR: 1.73, 95% CI: 1.09-2.73, p = 0.02), using cut-offs of 110% (HR: 1.64, 95% CI:
1.05-2.56, p = 0.03) or 115% (HR: 1.58, 95% CI: 1.03-2.41, p = 0.03) to define
hypermetabolism or by using mREE/pREE ratio as continuous variable (HR: 1.09 per 10%
increase, 95% CI: 1.01-1.19, p = 0.03). In the subgroup of patients with LBM measurement,
high mREE/LBM was also an independent prognostic factor in multivariable analysis (high

versus low, HR: 1.97, 95% CI: 1.11-3.50, p = 0.02).

Discussion

In this prospective cohort of 144 metastatic NSCLC patients, our data show that
hypermetabolism is associated with decreased survival. To the best of our knowledge, the
current study is the first to describe energy expenditure as an independent prognostic factor in
multivariable models in cancer patients.

So far, only few studies have described the relationship between REE and survival in cancer
patients. Most of them suggest that elevated REE is associated with poor outcome(10,14,16).
However, none has evaluated the prognostic value of REE in comparison with standard
prognostic factors. In a previous study, we have compared overall survival of metastatic
cancer patients according to REE measured before chemotherapy initiation. Hypermetabolic
patients showed a shorter overall survival compared with normometabolic patients(10,14).
However, survival analysis could have been biased by the inclusion of different tumor types,
since tumors most frequently associated with hypermetabolism, such as lung cancer, are also
those associated with worse prognosis.

One study has focused specifically on REE and disease-free survival in lung cancer patients.

Jatoi et al. included 17 NSCLC patients with early-stage disease (stages IA—IIIB) before
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treatment initiation. Although the statistical power was limited by the small number of
patients included, hypermetabolic patients surprisingly showed a significantly longer disease-
free survival than hypometabolic patients(15). However, hyper- and hypometabolism were
defined by the simple existence of a positive or negative difference between patient’s REE
and that of a matched (sex, age + 5 years, and BMI + 3 kg/m2) healthy control. Overall, REE
was not significantly different between cancer patients and their matched controls. Moreover,
another study including different cancer types among which 134 NSCLC showed that stage I-
I tumors exert a smaller effect on REE than stage IV tumors(9). One can hypothesized that
at least some patients in the study of Jatoi et al. would have been classified as
normometabolic according to the standards of Boothby (mREE/pREE ratio between 90 and
110%).

Actually, none of these studies included a sufficiently large and homogeneous cohort to
compare REE to other prognostic factors. On the contrary, our study included only newly
diagnosed stage IV NSCLC, which represents a homogeneous population, in whom a high
proportion of truly hypermetabolic patients is expected(9). We evaluated the prognostic
significance of REE, along with common prognostic factors in metastatic cancer patients,
such as performance status, weight loss, CRP and albumin levels, and also with specific
prognostic factors in NSCLC such as histological subtype and molecular alterations.

In our series, the value of 120% in mREE/pREE ratio appears as the most discriminant cut-off
for prognosis. Finally, given that REE depends mainly on lean body mass and that altered
body composition is frequent among cancer patients, mREE/pREE ratio may not be an
appropriate surrogate for evaluating energy metabolism in this population. In the current
study, mean mREE/LBM was higher in patients with mREE/pREE ratio > 120% (43.7
kcal/kg/d) than in patients with mREE/pREE ratio < 120% (34.8 kcal/kg/d). Moreover,

mREE/LBM was also identified as an independent prognostic factor. Overall, our results
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underline that patient energy expenditure at diagnosis is an important factor for oncologic

outcome.

Hypermetabolism, defined by mREE/pREE ratio > 120%, was associated with some clinical
and biological features of pre-cachexia and cachexia(25), i.e altered performance status,
weight loss, low albumin and trend towards elevated CRP. These results are in agreement
with previous studies showing that hypermetabolism is an early determinant of cancer
cachexia(10,26) and may partly explain the relation of hypermetabolism to survival. These
metabolic alterations induce chronic inflammation, with the production of cytokines such as
tumor necrosis factor and interleukin-6, and hormonal response, which in turn induce muscle
proteolysis, glucose consumption from the liver, and lipid consumption from fat tissues,
leading to high REE(11,12,28).

However, our results raise the question of underlying mechanisms regardless of variations in
body composition or inflammatory state. First, there was no significant differences in BMI
and LBM between hypermetabolic and normometabolic patients in our cohort, even after
adjustment on sex (data not shown). Second, hypermetabolism was also observed in patients
with apparently good medical condition: 30% of patients with PS 0-1, 26% of patients with
normal CRP (< 10 mg/L) and 25% of patients with less than 5% weight loss showed
mREE/pREE ratio > 120%. Finally, hypermetabolism was an independent prognostic factor
in multivariable analysis including pre-cachexia features.

It should be noted that hypermetabolism may also be considered in terms of the metabolic
contribution of cancer cells, independently of the cachexia process. A recent study has
evaluated the energetic consumption of tumor in vivo using mathematical models and

estimated that tumor-related energy cost can increase the energy expenditure from 100 to
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1400 kcal/day(27), considering increased glucose turnover and variable proportions of
oxidative and glycolytic metabolism in cancer cells.

Limitations of the current study include the methods used for determining REE and LBM.
REE was measured using Fitmate® indirect calorimeter with face-mask, a recent and compact
(20 x 24 cm) metabolic analyzer, which demonstrates good accuracy and reliability for
measuring REE in adults(29,30). In the specific setting of cancer patients, a recent study
suggests rather a low accuracy of the Fitmate® device, compared with REE measurement
from VO2 and VCO2 by a metabolic cart(31). One possible explanation was that respiratory
quotient determined by metabolic cart was variable (0.69 to 0.92) and in average lower (0.80)
than the fixed quotient of 0.85 assumed by the Fitmate® calorimeter. However, these results
were obtained in a small series of patients (n=26) and the variation of VO2 during
measurement was not reported. Moreover, in another small series, the respiratory quotient
was much less variable and no difference was observed between lung cancer patients and
healthy controls(12).

LBM was determined from CT-scan, using Mourtzakis formula(24). Although Dual-energy
absorptiometry is the reference method to quantify body composition, CT-scan appears as an
acceptable surrogate in cancer patients. Indeed, lumbar—skeletal muscle cross-sectional area is
linearly related to the whole-body muscle(24,32). Moreover, CT-scans are performed in
routine diagnosis and follow-up work-up in cancer patients, and thus offer a convenient
solution for determining LBM in this population.

Missing data in LBM assessment are another limitation of the current study. However, the
reasons for missing data, i.e. CT-images not available in medical records or not including 1.3
vertrebra- are not related to energy expenditure, and in the subgroup analysis, nREE/LBM

showed good agreement with mREE/pREE ratio.
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The number of lost to follow-up patients (9%) represents another limitation of our study.
However, reasons for lost to follow-up did not depend from REE. Indeed, no significant
differences in mREE/pREE ratio were found between lost to follow-up patients and the rest of
the cohort. Thus, lost to follow-up patients were unlikely to impact the interaction of REE
with survival and with other prognostic factors. Furthermore, our study included a relatively
large number of death events (N=98, 68%), so that lost to follow-up patients had only limited

effects on the statistical power for survival analyses.

In the current context of personalized medicine, routine REE determination in cancer patients
could help to adjust their nutritional management. REE measurement may be considered as a
point of care tool in lung cancer treatment. In particular, sufficient protein and energy
administration is critical to prevent weight loss, which is a major prognostic factor in this
population. In addition, targeting hypermetabolism may represent a novel therapeutic
approach in the prevention of cancer cachexia. Inflammatory and adrenergic mediators are
important determinants behind elevated REE in weight-losing patients(11,33) and can be
targeted by non-steroidal anti-inflammatory drugs or beta-blockers. Recently, a randomized
phase II trial in advanced colorectal cancer or NSCLC patients showed that beta-blocker
espindolol reverses weight loss and improves fat-free mass(34), but not survival. Since
cancer-associated weight loss is a multifactorial process, resulting from decreased food
intake, increased energy expenditure or both(8), multimodal and individualized approaches,
including anti-inflammatory drugs, beta-blockers, ghrelin agonists, exercise and nutritional

management are possibly required to reverse weight loss and improve survival.

In conclusion, hypermetabolism at the time of diagnosis is an independent prognostic factor

of survival in metastatic NSCLC patients. Future trials of multimodal intervention for cancer
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cachexia should include REE measurement, adapt nutritional support and offer dedicated

treatment to hypermetabolic patients.
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Variable N Total mREE/pREE < 120% mREE/pREE > 120% p-value
N=144 N=87 (60%) N=57 (40%)
Age 144 0.08
64.2 (11.8) 62.8 (12.6) 66.2 (10.4)

Sex 144 0.008
Female 53 (37%) 40 (46%) 13 (23%)
Male 91 (63%) 47 (54%) 44 (77%)

Smoking habit 143 0.63
Non-smoker 24 (17%) 16 (19%) 8 (14%)
Smoker or former smoker 119 (83%) 70 (81%) 49 (86%)

Histo-molecular subtype 144 0.29
squamous 15 (10%) 10 (11%) 5 (9%)
non-squamous

ALK/EGFR wild-type 88 (61%) 48 (55%) 40 (70%)
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ALK/EGFR undetermined 17 (12%) 11 (13%) 6 (10%)
ALK/EGFR alteration 24 (17%) 18 (21%) 6 (10%)
Number of metastatic sites 144 0.02
<2 93 (65%) 63 (72%) 30 (53%)
>2 51 (35%) 24 (28%) 27 (47%)
Performance status 144 0.009
0-1 81 (56%) 57 (66%) 24 (42%)
>2 63 (44%) 30 (34%) 33 (58%)
BMI 144 0.16
<25 kg/m? 95 (66%) 53 (61%) 42 (74%)
> 25 kg/m? 49 (34%) 34 (39%) 15 (26%)
Weight loss in the last 6 months 143 <10
<5% 83 (58%) 62 (71%) 21 (38%)
> 5% 60 (42%) 25 (29%) 35 (62%)
Albumin 142 0.01
<35¢/L 38 (27%) 16 (19%) 22 (39%)
>35¢g/L 104 (73%) 70 (81%) 34 (61%)
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CRP 144 0.07
< 10 mg/L 52 (36%) 37 (43%) 15 (26%)
>10 mg/L 92 (64%) 50 (57%) 42 (74%)
LBM (kg) 81
43.5 (9.0) 42.7 (9.8) 44.6 (7.6) 0.33
mREE (kcal/d) 144
1652.9 (440.9) 1468.6 (389.5) 1934.4 (360.4) <10?
mREE/pREE ratio (%) 144
116.3 (23.8) 102.0 (17.0) 138.2 (14.2) <102
mREE/LBM (kcal/kg/d) 81
38.5(8.2) 34.8 (6.5) 43.7 (7.5) <10°¢

respectively. Significant p-values are indicated in bold.

expenditure; pREE, predicted resting energy expenditure, using Harris and Benedict equations

BMI, body mass index; CRP, C-reactive protein; LBM, lean body mass estimated from L2 body CT; mREE, measured resting energy

Values are expressed in N(%) for qualitative variables and in mean (sd) for quantitative variables, and compared with chi-square and t-test
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Variable HR [95% CI] p-value
Age

/ year increase 1.01 [0.99-1.03] 0.26
Sex

Male vs Female 1.41[0.91-2.17] 0.12
Smoking habit

Smoker or former smoker vs Non-smoker 2.40[1.28-4.52] 0.007
Histo-molecular subtype

non-squamous ALK/EGFR wild-type or undetermined vs 0.58 [0.31-1.11] 0.10
squamous

non-squamous ALK/EGFR altered vs squamous 0.19 [0.08-0.46] <10?
Number of metastatic sites

>3vs1-2 1.21 [0.80-1.83] 0.37
Performance status

>2vs 0-1 1.50 [1.01-2.24] 0.04
BMI

> 25 vs <25 kg/m? 0.81[0.53-1.24] 0.34
Weight loss in the last 6 months

>5vs<5% 2.27[1.52-3.40] <10+
Albumin

>35vs<35¢g/L 0.42 [0.27-0.64] <10+
CRP

>10 vs < 10 mg/LL 2.05[1.33-3.17] 0.001
LBM

/ kg increase 0.99 [0.97-1.02] 0.71

mREE/pREE ratio
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/ 10% increase 1.12 [1.03-1.21] 0.007
>110vs <110 % 1.52[0.99-2.33] 0.05
>115vs <115 % 1.54 [1.03-2.31] 0.04
> 120 vs <120 % 2.16 [1.45-3.21] <107
mREE/LBM 0.07

High versus low*

1.60 [0.95-2.70]

*High and low mREE/LBM were defined by values above or below the median, respectively

The hazard ratio (HR) for death and the 95% confidence intervals (CI) are based on Cox

proportional-hazards regression models. Significant p-values are indicated in bold.

BMI, body mass index; CRP, C-reactive protein; LBM, lean body mass; mREE, measured

resting energy expenditure; pREE, predicted resting energy expenditure, using Harris and

Benedict equations
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Table 3. Multivariable analysis of overall survival
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Variable HR [95% CI] p-value
Smoking habit

Smoker or former smoker vs Non-smoker 1.73 [0.83-3.62] 0.14
Histo-molecular subtype

non-squamous ALK/EGFR wild-type or undetermined vs 0.61 [0.30-1.22] 0.16
squamous

non-squamous ALK/EGFR altered vs squamous 0.25 [0.09-0.67] 0.006
Performance status

>2vs0-1 0.98 [0.61-1.58] 0.95
Weight loss

>5vs<5% 1.98 [1.25-3.14] 0.004
Albumin (g/L)

>35vs<35¢g/L 0.56 [0.35-0.90] 0.02
CRP (mg/L)

> 10 vs < 10 mg/L 1.52[0.95-2.43] 0.08
mREE/pREE ratio

>vs <120 % 1.90 [1.22-2.93] 0.004

The hazard ratio (HR) for death and the 95% confidence intervals (CI) are based on Cox

proportional-hazards regression model. Significant p-values are indicated in bold.

CRP, C-reactive protein; mREE, measured resting energy expenditure; pREE, predicted

resting energy expenditure, using Harris and Benedict equations
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Figure Legends
Figure 1. Patients’ selection for analysis

Figure 2. Kaplan-Meier estimates of overall survival according to REE
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170 eligible patients

26 patients excluded:

- 24 absence of REE measurement:
» 1 refusal
» 11 calorimeter failure
» 12 not achieving steady state

measurement
- 1 concomitant malignancy
- 1 missing anthropometric data

144 patients included in the
final analysis
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