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Abstract

Background Cancer-associated weight loss (WL) associates with increased mortality. International consensus suggests
that WL is driven by a variable combination of reduced food intake and/or altered metabolism, the latter often
represented by the inflammatory biomarker C-reactive protein (CRP). We aggregated data from Canadian and
European research studies to evaluate the associations of reduced food intake and CRP with cancer-associated WL
(primary endpoint) and overall survival (OS, secondary endpoint).

Methods The data setincluded a total of 12,253 patients at risk for cancer-associated WL. Patient-reported WL history (% in
6 months) and food intake (normal, moderately, or severely reduced) were measured in all patients; CRP (mg/L) and OS
were measured in N = 4960 and N = 9952 patients, respectively. All measures were from a baseline assessment. Clinical var-
iables potentially associated with WL and overall survival (OS) including age, sex, cancer diagnosis, disease stage, and perfor-
mance status were evaluated using multinomial logistic regression MLR and Cox proportional hazards models, respectively.
Results Patients had a mean weight change of —7.3% (£7.1), which was categorized as: +2.4% (stable weight;
30.4%), 2.5-5.9% (19.7%), 6.0-10.0% (23.2%), 11.0-14.9% (12.0%), >15.0% (14.6%). Normal food intake, moder-
ately, and severely reduced food intake occurred in 37.9%, 42.8%, and 19.4%, respectively. In MLR, severe WL
(>15%) (vs. stable weight) was more likely (P < 0.0001) if food intake was moderately [OR 6.28, 95% confidence
interval (CI 5.28-7.47)] or severely reduced [OR 18.98 (95% CI 15.30-23.56)]. In subset analysis, adjusted for food in-
take, CRP was independently associated (P < 0.0001) with >15% WL [CRP 10-100 mg/L: OR 2.00, (95% CI 1.58-2.53)]
and [CRP > 100 mg/L: OR 2.30 (95% CI 1.62-3.26)]. Diagnosis, stage, and performance status, but not age or sex, were
significantly associated with WL. Median OS was 9.9 months (95% CI 9.5-10.3), with median follow-up of 39.7 months
(95% CI 38.8-40.6). Moderately and severely reduced food intake and CRP independently predicted OS (P < 0.0001).
Conclusions Modelling WL as the dependent variable is an approach that can help to identify clinical features and
biomarkers associated with WL. Here, we identify criterion values for food intake impairment and CRP that may im-
prove the diagnosis and classification of cancer-associated cachexia.
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Introduction

Cancer cachexia is a multifactorial syndrome of weight loss
(WL) associated with treatment complications, distress,
reduced physical function, reduced quality of life, and
mortality.)™ A formal consensus process defined cachexia
as a state of progressive negative protein and energy balance
driven by a variable combination of reduced food intake and
abnormal metabolism (e.g. inflammation, hypermetabolism,
excess lipolysis and proteolysis).! Based on this framework,
development of diagnostic criteria for cancer cachexia should
be based upon the mechanism(s) most likely to contribute to
weight loss, including the level of food intake. Reductions in
food intake are considered clinically important and could be
a dominant driver of WL; alterations in metabolism are also
thought to play a role; however, their exact contribution is
not known. C-reactive protein (CRP) is an inflammatory
biomarker and a suggested diagnostic criterion for cachexia
but its association with WL has not been extensively
evaluated.>®

Examining candidate diagnostic criteria for cancer cachexia
requires data sets of sufficient size to accommodate the nu-
merous demographic and clinical covariables that may influ-
ence WL. Aggregation of cachexia-related data from
multiple studies was recommended to better understand
their relationships to clinical outcomes, given the current lack
of large data sets.> Our international research consortium
created a data repository, initially to define a grading
system for cancer-associated weight loss (WL).3 This was
subsequently validated.3™>7® The current study used the
data repository to evaluate how proposed diagnostic
criteria, reduced food intake, and CRP associate with
cancer-associated WL.

Combining existing data sets is not without challenges. The
lack of agreed standards for measurement of food intake was
evident.“?™** Reductions in food intake were evaluated with
one of three validated tools recommended for use'® in oncol-
ogy patients: the Patient-Generated Subjective Global
Assessment Short Form (PG-SGA-SF),*>™** the Ingesta
Score,>*® and the Mini-Nutrition Assessment Short Form
(MNA-SF).*”"*8 All three tools measure the degree to which
food intake is reduced based on patients’ own estimates of
their recent food intake relative to their normal intake.™
However, they have different measurement scales and are
variously recorded as numerical or descriptive and have 3,
7, or 10 different levels to describe the severity of food
intake impairment, respectively, rendering the interpretation
of results across studies challenging. Indices of altered

metabolism in patients at risk for cachexia are relatively
rarely recorded and were not measured in most of the
studies combined here. Measures of CRP were, however,
included in several studies.

The primary objective of this study was to test the hypoth-
esis that reduced food intake is a key determinant of
cancer-associated weight loss (WL), using multinomial logistic
regression (MLR). To accomplish this objective, we first deter-
mined that three food intake measures used in oncology
could be used synonymously for the detection of normal food
intake, and moderately or severely reduced food intake.
Secondary objectives were to evaluate the association of
CRP to WL, and the relationship of reduced food intake and
CRP to overall survival.

Methods

Data repository and patients

Data were aggregated from multiple studies (Supporting
Information, Table S1) for the purpose of conducting data
analysis to advance our understanding of cancer cachexia,
including patients most at risk for developing cachexia
[i.e. locally advanced or metastatic tumours as well as
specific cancers associated with weight loss (oesophageal,
head, and neck)].%?° Included studies were prospectively
collected under the auspices of human ethics approvals
from respective institutions®>’'%?¥%¢ and were de-
identified. A single baseline data point was included: most
contributed studies included patients at the time they were
referred to Medical Oncology clinics to begin a first or new
line of systemic therapy, and baseline data were collected
prior to the start of a treatment plan. In several data sets,
the patients were already receiving systemic therapy and
were referred to multidisciplinary specialist symptom con-
trol/supportive care consultation services (n = 2108), and
baseline data were collected at the initial consultation,
prior to start of a symptom management plan (Supporting
Information, Table S1). Contributed data were predomi-
nantly (~73%) population based, that is, patients were con-
secutively referred, attending a first outpatient visit to
oncology clinics at regional tertiary cancer centres, the
Cross Cancer Institute (n = 5141) serving northern Alberta,
Canada (pop. 1.9 million), and the Montpellier Cancer
Institute (n = 3791) serving Languedoc-Roussillon, France
(pop. 2.7 million). Remaining data were from prospective
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observational studies or a randomized clinical trial con-
ducted in Medical Oncology settings.?*2%2¢

To answer our primary objective, we included patients
(N = 12,253) that had the following common data elements:
age (>18 years), sex, cancer site [International Classification
of Diseases (ICD)-10 classifications] and stage American Joint
Committee on Cancer (AJCC V6.0; V7.0 from 2011 onwards);
performance status [PS; Eastern Cooperative Oncology Group
(ECOG)], height, body weight and WL history, and a measure
of food intake: (i) PG-SGA-SF, (ii) Ingesta Score, or (iii) MNA-
SF. We defined three independent patient cohorts based on
the food intake measurement: a PG-SGA, an Ingesta Score,
and an MNA cohort to establish whether these tools could
be used synonymously (Figure 1). Patients on artificial (i.e.
non-volitional) nutrition support were excluded (N = 145,
1.2%). Our primary outcome was patient-reported WL,
which was recorded at a baseline assessment [e.g. over
previous 6 months or from usual body weight; % weight
loss = ([current weight-previous weight]/previous weight)
*100%)]. Short-term and long-term patient-reported weight
history has been shown to be valid and reproducible when
compared with clinician measured body weight.?’3° we
compared self-reported weights and heights of 100 cancer
patients within our data set with measures made by health
care professionals, which were shown to be reproducible.3*

Secondary objectives were evaluated using data from con-
tributed studies that also included: a single baseline CRP (mg/
L; N = 4960/12,253) and overall survival (N = 9952/12,253;
Figure 1, Supporting Information, Table S1). In studies where
baseline CRP was measured, it was at the same time food in-
take was measured. European studies contributed most of
the CRP data, measured as part of routine blood work, which
is not the case in Canada. Canadian studies measuring
CRP did so as part of a study protocol (%WL was not
different between European and Canadian patients with
CRP data, P = 0.110).

Measures of food intake

Food intake was measured at baseline using validated instru-
ments designed for patient report; these are practicable for
use in outpatient settings, which are completed by 97-98%
of patients.”*®3233 The PG-SGA-SF lists descriptive categories
that best represents patients current food intake: ‘I am now
taking’ (1) normal food in my normal amount, (2) normal
food but less than normal amount, (3) little solid food, (4)
only nutritional supplements (ONS), (5) only liquids, or (6)
very little of anything.’®* The Ingesta Score is a 10-point
numerical scale, allowing the patient to communicate the
severity of their current food intake impairment (0 = nothing
at all, 10 = eating as normal).*® The MNA-SF inquires:
‘Has food intake declined over the past three months due
to loss of appetite, digestive problems, chewing or
swallowing difficulties’ (1) no decrease, (2) moderate
decrease, or (3) severe decrease.'”*®

Alignment of food intake measures

The MNA-SF has only three food intake categories, thereby
defining the maximum number of categories that could be
aligned across tools. All three tools shared a common cate-
gory representing a normal level of food intake, as defined
by the patient. Based on differences in mean %WL, we
grouped the five remaining PG-SGA-SF categories and nine
remaining Ingesta Scores and aligned them with the moder-
ate or severe decrease categories of the MNA-SF. A subset
of the Ingesta cohort (N = 2326/3186; 73%) had correspond-
ing energy intakes (kcal/kg/day) calculated from a 24 h diet
recall, completed on the same day as the Ingesta Score, by
an experienced dietitian using French food composition
tables.®® A 24 h recall details information about all the
food/drink consumed in the previous 24 h. We evaluated

| 3 Independent Cohorts |

Ingesta Pooled
PG-SGA s?:ore Cohort
N=6;161 N=3,186 N=12,253

|

 CRP
N=1,001 N=2,213

24-hour
recall

N=2,326

recall
N=2,326

Figure 1 Summary of data elements from each cohort (PG-SGA, Ingesta score, and MNA) and for the pooled cohort. PG-SGA, patient
generated-subjective global assessment; MNA, mini nutrition assessment; OS, overall survival data; CRP, C-reactive protein data.
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the mean energy intakes corresponding to the food intake
categories derived from the Ingesta Score: normal, moder-
ately reduced, and severely reduced.

Statistics

Summary statistics describe the three independent patient
cohorts: PG-SGA, Ingesta Score, and MNA cohorts. One-way
ANOVA (with Tukey post hoc test) compared means between
independent groups.

Statistical analysis included two steps

1 Multinomial logistic regression (MLR) is an extension of lo-
gistic regression and is a robust statistical approach when
the dependent variable has >2 categories.®* The
dependent variable in this analysis was %WL, with five cat-
egories of increasing severity (+2.4%, 2.5-5.9%, 6.0-10.9%,
11.0-14.9%, and >15.0%) as previously defined.? The ref-
erence group for the dependent variable was weight sta-
ble (+2.4%). MLR models evaluated the association of
food intake with %WL separately in each of the three inde-
pendent cohorts (PG-SGA, Ingesta Score, and MNA), and
the pooled cohort (n = 12,253). MLR models were adjusted
for pre-specified variables including age (continuous),

sex (reference = female), cancer site (ICD-10,
reference = respiratory tract), cancer stage (AJCC,
reference = IV), Eastern Cooperative Oncology Group

(ECOG) PS (reference = ECOG 0-1).3> MLR analysis
conducted in the PG-SGA cohort was also adjusted for set-
ting (medical oncology vs multidisciplinary specialist sup-
portive care consultation service). In secondary analysis
(N = 4960), MLR models were adjusted for baseline CRP
(mg/L), evaluated as three categories (<10, 10-100, and

Table 1 Patient characteristics

>100 mg/L). All variables were evaluated at the
univariable level; variables significant at the P value level
<0.1 (two-sided) were used to construct the final multi-
variable MLR model. Results are reported as odds ratios
(OR) and 95% confidence intervals (Cl).

2 Secondary survival analysis evaluated the association be-
tween reduced food intake and OS, defined as the num-
ber of months a patient survived between their baseline
assessment and date of death. OS data were available
for N = 9952 patients (Supporting Information, Table
S1). Patients were observed until death or were cen-
sored at their last confirmed contact with the health
care system. Survival analysis included the Kaplan—Meier
method (comparisons with Cox—Mantel log-rank tests)
and the Cox proportional hazards model [estimated haz-
ard ratios (HRs) and 95% Cls]. All variables were evalu-
ated at the univariable level; variables significant at
the P value level <0.1 (two-sided) were used to con-
struct the final multivariable OS model. Survival analysis
was also conducted in a subset (n = 3691) of patients
who had both a baseline measure of food intake and
CRP (mg/L).

Analyses were completed using IBM SPSS Statistics for
Windows version 23.0 (SPSS, Chicago, IL) and were
considered statistically significant at the P value level <0.05
(two-sided).

Results
Patient characteristics for the three independent cohorts

(PG-SGA, Ingesta Score, and MNA) as well as the pooled
cohort (n = 12,253) are presented (Table 1). Overall,

PGSGA Cohort Ingesta Score Cohort MNA Cohort Pooled Cohort
(N =6161) (N = 3186) (N = 2906) (N =12,253)
Age, years (mean, SD) 64.6 (12.1) 62.1 (12.4) 68.3 (12.6) 64.9 (12.5)
Sex, N (%)
Female 2558 (41.5) 1553 (48.7) 1476 (50.8) 5587 (45.6)
Male 3603 (58.5) 1633 (51.3) 1430 (49.2) 6666 (54.4)
Setting, N (%)
Medical oncology 4053 (66.8) 3186 (100) 2906 (100) 10,145 (82.8)
Multidisciplinary specialist supportive care 2108 (34.2) 2108 (17.2)
consultation service
Cancer diagnosis,” N (%)
Respiratory 1913 (31.1) 363 (11.4) 405 (13.9) 2681 (21.9)
Other 454 (7.4) 514 (16.1) 268 (9.2) 1236 (10.1)
Genitourinary organs 386 (6.3) 478 (15.0) 535 (18.4) 1399 (11.4)
Upper gastrointestinal 950 (15.4) 433 (13.6) 526 (18.1) 1995 (16.3)
Lower gastrointestinal 1009 (16.4) 519 (16.3) 538 (18.5) 1980 (16.2)
Head and neck 1191 (19.3) 346 (10.9) 99 (3.4) 1636 (13.4)
Breast 258 (4.2) 533 (16.7) 535 (18.4) 1326 (10.8)
(Continues)
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Table 1 (continued)

PGSGA Cohort Ingesta Score Cohort MNA Cohort Pooled Cohort
(N = 6161) (N = 3186) (N = 2906) (N = 12,253)
AJCC cancer stage, N (%)
1 280 (4.5) 85 (2.7) 285 (9.8) 650 (5.3)
2 442 (7.2) 166 (5.2) 349 (12.0) 957 (7.8)
3 859 (13.9) 299 (9.4) 538 (18.5) 1696 (14.8)
4 4580 (74.3) 2636 (82.7) 1734 (59.7) 8950 (73.0)
ECOG PS, N (%)
0-1 3497 (56.8) 1609 (50.5) 2148 (73.9) 7254 (59.2)
2 1181 (19.2) 994 (31.2) 511 (17.6) 2686 (21.9)
3-4 1483 (24.1) 583 (18.3) 247 (8.5) 2313 (18.9)
% WL° (mean, SD) -8.0(7.5) -7.2(6.7) —6.2 (6.4) -7.3(7.1)
WL categories,” N (%)
+2.4% (weight stable) 1777 (28.8) 928 (29.1) 1025 (35.3) 3730 (30.4)
2.5-5.9% 1139 (18.5) 655 (20.6) 625 (21.5) 2419 (19.7)
6.0-10.9% 1347 (21.9) 818 (25.7) 673 (23.2) 2838 (23.2)
11.0-14.9% 816 (13.2) 376 (11.8) 280 (9.6) 1472 (12.0)
>15.0% 1082 (17.6) 409 (12.8) 303 (10.4) 1794 (14.6)
BMI, kg/mz (mean, SD) 25.0 (5.3) 23.5 (4.6) 24.5 (4.3) 24.5 (4.9)
BMI categories,“ N (%)
<20.0 935 (15.2) 707 (22.2) 359 (12.4) 2001 (16.3)
20.0-21.9 863 (14.0) 551 (17.3) 426 (14.7) 1840 (15.0)
22.0-24.9 1540 (25.0) 890 (27.9) 970 (33.4) 3400 (27.7)
25.0-27.9 1289 (20.9) 571 (17.9) 641 (22.1) 2501 (20.4)
>28.0 1534 (24.9) 467 (14.7) 510 (17.5) 2511 (20.5)
WL grade,“ N (%)
Grade 0 1066 (17.3) 417 (13.1) 522 (18.0) 2005 (16.4)
Grade 1 900 (14.6) 510 (16.0) 555 (19.1) 1965 (16.0)
Grade 2 992 (16.1) 538 (16.9) 466 (16.0) 1996 (16.3)
Grade 3 1766 (28.7) 973 (30.5) 883 (30.4) 3622 (29.6)
Grade 4 1437 (23.3) 748 (23.5) 480 (16.5) 2665 (21.7)
PGSGA: food intake, N (%)
Normal food 2112 (34.3) — — —
Normal food, less amount 2765 (44.9) — — —
Little solid food 588 (9.5) — — —
Only oral nutritional supplements 125 (2.0) — — —
Only liquids 134 (2.7) — — —
Very little anything 407 (6.6) — — —
Ingesta score: food intake, N (%)
10 (as usual) — 1193 (37.4) — —
9 — 53 (1.7) — —
8 — 229 (7.2) — —
7 — 281 (8.8) — —
6 — 212 (6.7) — —
5 — 481 (15.1) — —
4 — 220 (6.9) — _
3 — 233 (7.3) — —
2 — 171 (5.4) — —
1 (almost nothing) — 113 (3.5) — —
MNA: food intake, N (%)
Severely decreased — — 350 (12.0) —
Moderately decreased — — 1220 (42.0) —
Not deceased — — 1336 (46.0) —
Pooled food intake categories, N (%) — — —
Normal intake — — — 4641 (37.9)
Moderately reduced intake — — — 5241 (42.8)
Severely reduced intake — — — 2371 (19.4)

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; MNA, Mini-Nutrition Assessment; N, number;
PG-SGA, Patient-Generated Subjective Global Assessment; SD, standard deviation; WL, weight loss.

‘Upper gastrointestinal (oesophageal, stomach, pancreas, liver, biliary tract, and small bowel); lower gastrointestinal (colon, rectum, and
anus); genitourinary (kidney, bladder, adrenal, prostate, testes, and penis); other (gynaecological, haematological, peritoneum,
unknown, and thyroid).

"% weight loss calculated as: [(current weight — previous weight)/previous weight in kg]*100.

‘WL categories, BMI categories, and WL grades calculated based on Martin et al.”
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(A) PG-SGA Cohort: Six categories of food intake
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(C) MNA Cohort: three categories of food intake
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Figure 2 Alignment of food intake measures (PG-SGA-SF, Ingesta score, and MNA SF) according to percent (%) weight loss. These figures represent the
mean percent (%) weight loss (WL; with 95% confidence intervals) according to three different food intake measurements. (A) The PG-SGA has 6 cat-
egories of food intake; when there was no significant difference for mean % WL between food intake categories, they were combined to represent
normal (normal food, normal amount; mean (95% CI) WL —4.1 (—4.4 to —3.9)%, moderately (normal food, less amount; WL —8.9 (—9.2 to —8.6%)
or severely reduced (little solid food; only nutritional supplements; only liquids and very little of anything; WL —12.2 (—12.6 to —11.8)% (B) The In-
gesta Score is a 10 point numeric scale; when there was no significant difference for mean % WL across the scale, these points were combined to rep-
resent normal[10/10; WL —4.0 (—4.3 to —3.7)%], moderately [5/10 to 9/10; WL —7.9 (—8.3 to —7.6)%], or severely reduced [1/10-4/10; WL —10.9
(—11.4 to —10.4)%] (C) the MNA is the food intake measurement with the least number of categories (n = 3) and was the tool to which (A) the PG-SGA
and (B) the Ingesta Score were aligned.
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86.9% of the sample had locally advanced and metastatic
cancers. Patients with early stage (I + Il; 13.1%) cancers
can also experience WL, particularly within specific tumour
sites such as oral cavity, laryngeal, pharyngeal, and
oesophageal.?°

(A) Results from multivaraible MLR models by cohort
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Figure Legend
A normal food intake Bl moderately reduced food intake @ severely reduced food intake

Figure 3 Categories of food intake are associated with weight loss (WL) and overall survival (OS) independent of patient cohort: PG-SGA, Ingesta score,

and MNA. Figure 2(A) Represents the odds ratios (with 95% confidence

intervals) for categories of food intake (normal, moderately or severely re-

duced) from multivariable multinomial logistic regression (MLR) models for three patient cohorts, (i) PG-SGA, (ii) Ingesta Score, and (i) MNA. Analysis

for each cohort was adjusted for age, sex, cancer site, AJCC cancer stage

and ECOG PS. The PG-SGA-cohort was also adjusted for care setting. Within

each WL category (2.5 to 5.9%; 6.0 to 10.9%; 11 to 14.9%; and >15%) moderately and severely reduced food intake were compared to the reference
category normal food intake (OR 1.0); and within each weight loss category for (i) PG-SGA, (ii) Ingesta Score, and (iii) MNA moderately or severely
reduced food intake were consistently (P <0.001) associated with WL. Figure 2(B) represents the overall median survival curves according to food in-
take categories for each cohort (i) (ii) PG-SGA (n = 6,161), (ii) Ingesta Score (n = 3,186), and MNA (n = 605) using Kaplan Meier curves (with Mantel-Cox
log-rank tests). Median OS was different (P <0.05) between the categories of food intake within each cohort.
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was carried out across all tools according to mean %WL asso-
ciated with each item in their respective measurement scales.
Four of the PG-SGA-SF descriptors (little solid food, only oral
nutritional supplements, only liquids, and very little of any-
thing) associated with high weight loss and were combined
to reflect severely reduced food intake. Ingesta Scores associ-
ated linearly with WL and were divided into moderate (VAS
5-9) and severely (VAS 1-4) reduced food intake.

The planned analyses including both MLR (Figure 3A,
Supporting Information, Tables S2-S8) and OS (Kaplan—Meier
curves; Figure 3B) were conducted in each cohort separately
with food intake defined by the three-item categorical scale.
Results from the multivariable MLR models were similar
for each cohort (Figure 3A; Supporting Information, Tables
S6-S7); for example, patients were more likely to have
experienced WL 11.0-14.9% if their food intake was severely
reduced (vs. normal) P < 0.001: (i) PGSGA [OR 11.94
(95% CI 8.81-16.20)], (i) Ingesta Score [OR 10.06 (95% CI
6.77-14.95)], (iii) MNA [OR 13.69 (95% ClI 8.04-23.30)].
Likewise, median OS differed between food intake categories
(P < 0.001; Figure 3B) and was similar across cohorts: (iv)
PGSGA cohort: 3.7 months (95% Cl 3.2-4.1) vs. 18.5 months
(95% Cl 16.9-20.1), (v) Ingesta Score cohort: 5.3 months (95%
Cl 4.5-6.1) vs. 19.6 months (95% Cl 17.5-21.7), (vi) MNA co-
hort severely reduced vs. normal food intake 5.1 months
(95% CI 2.7-7.5) vs. 18.0 months (95% Cl 13.1-22.9).

907 a,b,c P <0.0001
a

-T = == Mean REE (23 kcal/kg/day)
754
60

b
[

454

=]

154 | I I
0-
T
normal

Energy Intake (kcal/kg/day)

T
severely
reduced

T
moderately
reduced

Food Intake Categories

Figure 4 A boxplot of energy intakes (kcal/kg/day) corresponding to 3
categories of food intake derived from the Ingesta Cohort for a subset
of patients who completed a 24-hour dietary recall (n = 2,326). There
was a significant difference (P<0.0001) in the mean (SD) energy intakes
between categories of food intake. The dashed line represents the mean
measured resting energy expenditure (REE) from subsets of our patient
population.**~*’

Patient factors associated with weight loss

Food intake

Figure 4 depicts the mean (SD) energy intake (kcal/kg/day)
corresponding to three-item categorical scale derived from
the Ingesta Score (N = 2326) for normal food intake, moder-
ately reduced, and severely reduced food intake were 28.6
(8.8), 22.2 (7.7), and 13.3 (7.7) kcal/kg/day, respectively
(P < 0.0001).

Based on the similarity across cohorts for WL and OS, fur-
ther analyses are presented for the pooled cohort (Figure 1).
The pooled univariable (Supporting Information, Table S5)
and multivariable MLR analyses (Table 2) are presented. In
the pooled multivariable MLR analysis, reduced food intake
was the variable with largest overall contribution to WL [e.
g. patients were more likely to have experienced severe WL
(>15.0%) compared with being weight stable if food intake
was moderately, OR 6.28 (95% ClI 5.28-7.47); P < 0.001, or
severely reduced, OR 1898 (95% Cl 15.30-23.56);
P < 0.001]. Cancer stage I/1l was associated with a lesser risk
of WL compared with stage IV, [OR 0.53 (95% Cl 0.41-0.67);
P < 0.001]; however, stages Il and IV did not differ from each
other. Performance status was related to WL, with a maxi-
mum risk for severe WL (>15.0%) in patients with PS 3/4
[OR 2.81 (95% Cl 2.33-3.38); P < 0.001]. Patients with upper
or lower gastrointestinal tumours showed the highest risk
and patients with breast cancer the lowest risk of WL
(P < 0.001). Not surprisingly, patients seen in a multidisciplin-
ary specialist supportive care consultation service were more
likely to experience WL, than patients referred to medical on-
cology clinics. There were trends for patients of male sex to
have a higher risk of WL, and for older patients to have a re-
duced risk of WL.

Systemic inflammation

We evaluated the association of systemic inflammation with
WL in patients with a baseline CRP value [n = 4960/12,253
(40.5%); mean (SD) 40.23 (60.05) mg/L]. In multivariable
MLR (Table 2), CRP had a modest association with >15% WL
[CRP 10-100 mg/L: OR 2.00 (95% Cl 1.58-2.53); P < 0.001]
and [CRP > 100 mg/L: OR 2.30 (95% CI 1.62-3.26);
P < 0.001], whereas moderately or severely reduced food in-
take had a strong association with an OR = 5.67 (95%
Cl = 4.35-7.39; P < 0.001) and OR = 17.37 (95% Cl 2.49-
24.17; P < 0.001), respectively.

Survival analysis

Overall survival was available for 81.2% of the patients in the
pooled cohort (n = 9952/12,253), death occurred in 7097
cases. Median OS was 9.9 months (95% Cl 9.5-10.3), and me-
dian follow-up was 39.70 months (95% ClI 38.8—40.6). Food
intake categories and variables known to impact OS including
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Table 3 Adjusted cox proportional hazard models for overall survival for the pooled cohort (N = 9952) and for a subset with C-reactive protein

(N = 3691)

# deaths/# patients Median OS months (95% Cl) HR (95% Cl) P-value
Pooled cohort with OS (N = 9952)
Food intake
Normal 2301/3556 18.9 (17.7-20.2) 1 [reference]
Moderately reduced 3433/4289 8.7 (8.2-9.1) 1.26 (1.19-1.33) <0.001
Severely reduced 1833/2107 4.3 (3.9-4.7) 1.65 (1.54-1.77) <0.001
WL grade®
Grade 0 971/1566 21.1 (19.2-23.2) 1 [reference]
Grade 1 1029/1499 15.6 (14.5-16.7) 1.13 (1.03-1.23) 0.008
Grade 2 1185/1629 11.9 (10.8-13.0) 1.15 (1.05-1.25) 0.002
Grade 3 2348/2949 8.6 (8.0-9.2) 1.26 (1.17-1.37) <0.001
Grade 4 2034/2309 5.2 (4.8-5.6) 1.57 (1.45-1.71) <0.001
Pooled cohort with OS and
CRP values (N = 3691)
Food intake
Normal 1068/1478 14.1 (12.8-15.4) 1 [reference]
Moderately reduced 1204/1504 7.9 (7.2-8.6) 1.13 (1.03-1.23) 0.008
Severely reduced 600/709 5.2 (4.5-5.9) 1.24 (1.11-1.39) <0.001
WL grade®
Grade 0 366/531 16.5 (13.8-19.2) 1 [reference]
Grade 1 426/582 12.4 (10.4-14.4) 1.11 (0.97-1.28) 0.142
Grade 2 472/633 10.7 (9.3-12.1) 1.09 (0.95-1.26) 0.210
Grade 3 894/1110 8.5 (7.5-9.5) 1.21 (1.06-1.38) 0.003
Grade 4 714/835 5.7 (5.0-6.3) 1.49 (1.30-1.70) <0.001
CRP (mg/L)
<10 454/498 19.7 (17.7-21.7) 1 [reference]
10-100 1522/1795 6.8 (6.3-7.3) 1.70 (1.56-1.85) <0.001
>100 896/1398 3.6 (3.1-4.1) 2.09 (1.85-2.36) <0.001

Cl, confidence interval; CRP, C-reactive protein; HR, hazard ratio; OS, overall survival; WL, weight loss.
Cox proportional hazards models adjusted for age, sex, cancer diagnosis, AJCC cancer stage, ECOG PS, setting, and cohort

(PG-SGA, Ingesta, and MNA).
"Weight loss grades calculated based on Martin et al.”

age, sex, cancer site, AJCC stage, PS, cancer care setting, WL
grades, and patient cohort were first evaluated at the
univariable level (Supporting Information, Table S9). Table 3
presents the median overall survival and adjusted hazard ra-
tios (HR) from a Cox proportional hazard model for the
pooled cohort with OS: moderately [HR 1.26 (95% ClI 1.19-
1.33); P < 0.001] and severely [HR 1.65 (95% Cl 1.54-1.77)
- The values from the univariable analysis were inadvertently
placed in the text and in table 3, which have been corrected;
all other values have been checked and are correct and they
are also correct in the supplementary tables); P < 0.001] re-
duced food intake, and WL Grades (P < 0.001) were indepen-
dent predictors of reduced OS. Survival was also assessed in
the subset of patients with baseline measure for both food
intake and CRP (n = 3691/12,253, 30.1%); median
0S =9.2 months (95% Cl 8.7-9.8; Supporting Information, Ta-
ble S4). Table 3 presents the median overall survival and ad-
justed hazard ratios (HR) from a Cox proportional hazard
model: moderately [HR 1.13 (95% CI 1.03—-1.23); P = 0.008]
and severely [HR 1.24 (95% ClI 1.11-1.39); P < 0.001] reduced
food intake were independent predictors of reduced OS as
were WL grades (P < 0.001) and CRP (P < 0.001).

Discussion

This is the first international multicentre study of the associ-
ation of reduced food intake with cancer-associated weight
loss and overall survival. The results of multinomial logistic
regression analyses, controlled for patient demographics, tu-
mour site, stage, centre, performance status, and CRP, dem-
onstrate that reduced food intake predicts a high likelihood
of severe weight loss. This is not surprising, given the mean
(SD) daily energy intakes for patients with severely reduced
intake [13.34 (7.66) kcal/kg/day] only meet ~50% of the mea-
sured resting energy expenditure of 23 kcal/kg/day in subsets
of our population.®*>37 This level of intake is typically
classified as a very low calorie diet (10-13 kcal/kg/day;
<800 kcal/day), which is only used in limited circumstances
for the purpose of intentional weight loss in obese patients.3®

Our data included recommended screening tools for use in
oncology nutrition clinical practice.’®3° Despite their diversity
of concept and scales, the three food intake categories de-
rived from these tools demonstrated similar independent
associations to WL (and OS). Importantly, this analysis dem-
onstrates the robustness of using patient report as a means
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for patients to communicate the impact cancer has on their
ability to eat and how this relates to both weight loss and
survival.X® A common way to assess food intake may facilitate
cross-study comparisons and as a means to stratify patients
for inclusion to randomized clinical trials; selecting patients
with similar levels of food intake.

There are strengths and limitations to this analysis. For
strengths, we leveraged our international collaborative to ag-
gregate a large data base. As noted in the 2011 consensus,*
there was and is still a dearth of data sets on cancer cachexia.
Two research-intensive institutions, the Montpellier Cancer In-
stitute and the Cross Cancer Institute, both provided
population-based data, and the uniformity of the findings
across the data attests that generalizability is likely to be high.
Results were validated in three international cohorts and seen
to be robust across a wide range of cancers, stages, and treat-
ment contexts. For limitations, in the process of aggregating
data, it was evident there was agreement between studies
for the domains of assessment for cancer cachexia (i.e. weight
loss and food intake), but there was limited agreement for the
use of specific measurements within a given domain (i.e. three
measures of food intake), which is a known issue in cachexia re-
search. Our results show how different measures of food intake
can be aligned relative to one another. Overall, the type of data
available for aggregation highlights that our understanding
pertaining to different concepts of cancer cachexia are in vari-
ous stages of progress. Most studies include a measure of
weight loss, whereas few included measurements of metabolic
alteration (i.e. CRP or other biomarker), or skeletal muscle. The
lack of biomarker data is unfortunate given the large number of
putative catabolic effector molecules possibly involved in
cachexia.? This issue can only be corrected by new prospective
studies with biobanking efforts and will enhance our ability to
examine many areas of interest including changes in muscle
and adipose tissue with different treatment regimens and ac-
cording to sex and racial differences, the inclusion of
patient-reported outcomes including quality of life, and func-
tional measures. Lastly, food intake was recorded at baseline,
and we do not have information regarding the actual onset of
food intake problems or about fluctuations in intake that may
have occurred up until the baseline assessment. In addition,
we do not have data concerning the causes of reduced food in-
take; however, the similarity of our findings across tools is quite
striking, despite these variations.

The respective contributions of food intake and altered
metabolism to cachexia are painted as a spectrum; most pa-
tients experience both to some degree, and in others re-
duced food intake or alterations in metabolism may
predominate.?® Ultimately, our understanding of the factors
contributing to cancer-associated WL will only be fully de-
scribed when both food intake and alterations in metabolism
are fully accounted for. These metabolic alterations are sug-
gested to include inflammation, increased energy expendi-
ture, excess proteolysis/lipolysis, and other abnormalities.

C-reactive protein is the most cited inflammatory biomarker
associated with cancer cachexia and a suggested diagnostic
criterion.*® While we were able to verify CRP as an indepen-
dent prognostic factor, its association with WL was modest
compared with reductions in food intake. At present, we
have an incomplete understanding about how to clinically
identify or evaluate alterations in metabolism, but we antici-
pate that this may soon change as this is an active area of re-
search. Candidate predictors of cachexia including proteolysis
—and lipolysis inducing molecules are legion®® and have, to
date, only been tested in univariable association with
cancer-associated weight loss.

Our findings may serve to sharpen the focus on food
intake and anorexia. Simple tools are available to identify pa-
tients whose food intake is failing. Early (or even pre-emptive)
attention to causes of reduced food intake may forestall large
scale losses of weight. This is important as some symptoms as-
sociated with impairments of food intake are potentially pre-
ventable or reversible® with appropriate clinical management
(e.g. constipation, nausea, vomiting, pain, depression, and anx-
iety). For example, Navari et al.** demonstrated that treatment
with olanzapine significantly reduced in non-chemotherapy re-
lated nausea and vomiting in advanced cancer patients, with
corresponding improvements in appetite. Appetite is a compel-
ling therapeutic target; improving appetite may improve food
intake thereby closing the gap between nutrient intake and nu-
trient requirements for weight maintenance/gain. While there
are no approved therapies for anorexia in North America and
Europe, there is encouraging investigational activity.
Anamorelin hydrochloride, a small molecular weight agonist
of the ghrelin receptor, showed promising results in initial
Phase III clinical trials** and is currently in new Phase Il
studies*®® and has regulatory approval for treatment of cachexia
in Japan.** Various forms of nutrition therapy have been inves-
tigated including diet counselling, oral nutritional supplements,
use of specific nutrients (e.g. n-3 fatty acids and branched chain
amino acids), enteral or parenteral nutrition all of which have
proven to be only partially effective.*® Patients with cancer ca-
chexia contend with many additional issues such as pain, nutri-
tion impact symptoms, fatigue, and depression, which can
contribute to reduced food intake. It has been advocated that
this multifactorial syndrome requires individualized multimodal
treatment approaches inclusive of symptom management, nu-
trition interventions, physical therapy, psychosocial support,
and when available use of target therapeutic agents.
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