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Funding information patients. This study aims to evaluate the prognostic utility of malnutrition and sarco-
None. penia in de novo metastatic GE adenocarcinoma.

Methods: Patients with de novo metastatic GE adenocarcinoma seen at the Princess
Margaret Cancer Centre from 2010 to 2016 with an available pre-treatment abdomi-
nal computed tomography (CT) were included. Malnutrition was defined as nutri-
tional risk index (NRI) <97.5. Skeletal muscle index (SMI) was measured at the [.3
level (sarcopenia defined as SMI <34.4 cm?/m? in women and <45.4 cm*/m? in men).
Patients receiving chemotherapy had NRI and SMI recalculated at the time of first
restaging CT.

Results: Of 175 consecutive patients, 33% were malnourished and 39% were sarco-
penic at baseline. Patients with pretreatment malnourishment had significantly shorter
overall survival (OS; 5.8 vs. 10.9 months, p = 0.000475). Patients who became mal-
nourished during chemotherapy had worse OS compared to those who maintained
their nutrition (12.2 vs. 17.5 months p = 0.0484). On univariable analysis, ECOG
(p <0.001), number of metastatic sites (p = 0.029) and NRI (p < 0.001) were significant
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1 | INTRODUCTION

Gastric and esophageal cancers are a major health burden
worldwide.! Many patients present with advanced disease,
and patients are often malnourished at presentation due to dis-
ease-related symptoms of anorexia, nausea, and dysphagia.

There is increasing interest in the prognostic significance of
malnutrition in cancer patients. With the high prevalence of obe-
sity in many populations including North America, traditional
measures such as weight and body mass index (BMI) may not
be ideal as screening tools for malnutrition. The Nutrition Risk
Index (NRI) was developed by Buzby et al. as a simple tool
to assess nutritional status, and is calculated using a patient's
weight and serum albumin.” In esophageal cancer, studies in pa-
tients undergoing curative intent chemoradiation or surgery have
shown that both the NRI and the modified geriatric NRI (GNRI)
are independent prognostic factors for survival.*”’

Another marker of poor nutrition and cachexia is sarcope-
nia, or the loss of skeletal muscle mass. Sarcopenia has been
associated with poor outcomes in several solid tumor malig-
nancies.®!! In recent years, several groups have investigated
the prognostic effect of sarcopenia in gastric and esopha-
geal cancers. The vast majority of these studies focused on
patients with localized disease undergoing curative-intent
treatment.'>?* There is a gap in the literature regarding the
significance of nutritional markers and sarcopenia in the met-
astatic setting. In a cancer where the median overall survival
for patients with advanced disease receiving palliative chemo-
therapy is only about 12 months, discovery of novel prognostic
markers would be helpful to guide discussions with patients
and families about treatment decisions and prognosis.

In this study, we aim to evaluate the prognostic utility of
nutritional markers and sarcopenia in patients with de novo
metastatic gastric and esophageal adenocarcinoma.

2 | METHODS

Patients with de novo metastatic gastric or esophageal
adenocarcinoma treated at the Princess Margaret Cancer

prognostic information.

prognostic factors while BMI (p = 0.57) and sarcopenia (p = 0.19) were not. On mul-
tivariable analysis, ECOG (p < 0.001), baseline NRI (p = 0.025), and change in NRI
during treatment (p < 0.001) were significant poor prognostic factors for OS.

Conclusions: In de novo metastatic GE adenocarcinoma patients, ECOG, pretreat-
ment NRI and change in NRI were significant prognostic factors for OS while sar-

copenia was not. Use of NRI at baseline and during treatment can provide useful

esophageal cancer, gastric cancer, malnutrition, prognosis, sarcopenia

Centre from 2010 to 2016 were identified from an insti-
tutional registry. Patients with documented anthropometric
measures of height and weight as well as available pretreat-
ment abdominal computed tomography (CT) imaging were
included. Clinical data including baseline patient demo-
graphics, clinicopathologic characteristics, treatment, and
follow-up information was collected by a trained abstractor
and verified by a second investigator. This study was ap-
proved by the University Health Network institutional re-
view board.

2.1 | Nutritional status assessment

The nutritional index (NRI) was calculated at time
of diagnosis, as well as at the time of first restaging
CT (8-12 weeks after start of chemotherapy) for pa-
tients with available data using the following formula:
NRI = 1.519 X serum albumin (g/L) + 0.417 X (actual/
estimated weight [kg] X 100). In our study, malnourished
patients were defined as those having moderate to severe
malnutrition, as defined by having an NRI < 97.5 accord-
ing to previous studies.”

2.2 | Sarcopenia assessment

Pretreatment abdominal CT images were used for base-
line sarcopenia measurements. The Slice-O-Matic software
(Version 5.0; TomoVision) was used to assess the skeletal
muscle index (SMI) at the third lumbar (L3) vertebra in
cm?, which was then normalized by the square of the height
(mz). Hounsfield units (HU) were used to identify skeletal
muscle (threshold —29 to 150 HU). SMI cutoffs for sarcope-
nia were 34.4 cm’/m? in females and 45.4 cm’/m? in males
based on previously established consensus.”> An outcome-
blinded radiologist (RA) repeated sarcopenia measurements
for a randomly selected subset of patients with an intraclass
correlation of 0.972 (95% confidence interval [CI] 0.938-
0.987). For patients who received chemotherapy, SMI was
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recalculated at the time of first restaging CT (between 8 to
12 weeks after chemotherapy initiation). A clinically signifi-
cant change in SMI was defined as an increase or decrease
by >10%.

2.3 | Statistical analysis

Time-to-event data were analyzed using the Kaplan—Meier
method, with overall survival defined as the time from date
of diagnosis to date of death. Cox proportional hazard (PH)
models were used to identify prognostic factors for overall
survival. All statistical analyses were performed in R version
3.5.2 (R Core Team 2018).

TABLE 1 Baseline clinicopathologic characteristics.
Characteristic N =175 (%)
Age, median (range), years 63 (29-87)
Male 121 (69%)
Asian 32 (18%)
ECOG performance status

0 42 (24%)
1 97 (55%)
>2 36 (21%)
Primary tumor
Gastric 108 (62%)
Esophageal 67 (38%)
Number of metastatic sites, mean (SD) 2.5(1.1)
Sites of metastases®
Lymph node only 18 (10%)
Visceral 130 (74%)
Bone 25 (14%)
Brain 2 (1%)
Treatment
Chemotherapy® 124 (71%)
ECF(X)* 84
Platinum doublet 18
Cisplatin/5FU (capecitabine)/trastuzumab’ 14
Other 8
Palliative radiotherapy alone 28 (16%)
Best supportive care alone 23 (13%)

“Visceral metastases include solid organs excluding bone and brain. Bone refers
to bone metastases with or without lymph node and/or other visceral metastases.
Brain refers to brain metastases with or without lymph node and/or other
visceral metastases.

“Includes all patients who received chemotherapy, with or without palliative
radiotherapy.

°ECF = epirubicin, cisplatin, 5-fluorouracil; X = capecitabine.

45FU = 5-fluorouracil.
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RESULTS

3 |

3.1 | Patient characteristics

In total, 175 consecutive patients with de novo metastatic
gastric or esophageal adenocarcinoma were included.
Baseline characteristics and treatment information are shown
in Table 1. At the time of diagnosis, the median age was
63 years, 69% were male, 79% had an ECOG performance
status of 0-1, 62% had gastric and 38% had esophageal ad-
enocarcinoma. Chemotherapy (with or without radiotherapy)
was used in 71% of patients, palliative radiotherapy alone in
16%, and best supportive care alone in 13%.

3.2 | Nutritional characteristics

Baseline nutritional characteristics are summarized in
Table 2. In the 3 months preceding diagnosis, 70% of pa-
tients had a weight loss of >5%. The median BMI at diagno-
sis was 24.2 (range 15.7-39.8). Most patients had a normal
BMI or were overweight by BMI, while only 5% of patients
were classified as underweight using BMI. Using the NRI,
33% of patients were malnourished at baseline. Of the subset
of malnourished patients, 80% had a history of weight loss,
60% were sarcopenic, and only 12% were underweight using
BMI. About 68 patients (39%) were sarcopenic at baseline.

3.3 | Treatment outcomes

The median follow-up time was 8.3 months (range 0.4—
97.7). Median overall survival (OS) for the entire cohort was
9.3 months (95% CI 7.3-11.4). Overall survival was signifi-
cantly worse in malnourished patients (median OS 5.8 vs.
10.9 months, log rank p = 0.000475; Figure 1). There was
a trend toward decreased overall survival in sarcopenic pa-
tients, although this was not statistically significant (7.8 vs.
10.6 months, p = 0.186; Figure 2).

TABLE 2 Baseline nutritional characteristics.

Nutritional characteristic N =175 (%)
Weight loss >5% 122 (70%)
BMI (kg/m?)
Underweight (<18.5) 9 (5%)
Normal (18.5-25) 92 (53%)
Overweight (>25) 74 (42%)
Nutritional Risk Index (NRI)
Non-malnourished (NRI>97.5) 103 (67%)
Malnourished (NRI <97.5) 51 (33%)
Sarcopenia 68 (39%)
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FIGURE 2 Overall survival by baseline sarcopenia status.

On univariable Cox PH analysis, ECOG (p < 0.001),
number of metastatic sites (p = 0.029) and NRI (p < 0.001)
were significant prognostic factors, while BMI (p = 0.57) and
sarcopenia (p = 0.19) were not (Table 3). On multivariable
analysis, ECOG (p < 0.001) and NRI (p = 0.025) remained
significant as poor prognostic factors for OS (Table 3).

3.4 | Subset analysis of patients who received
chemotherapy

Of the included patients, 124 patients (71%) were treated
with chemotherapy. At the time of first restaging CT scan,

Numbers at risk

NRI could be recalculated in 74 patients. Overall survival
stratified by change in NRI is shown in Figure 3. Patients
who were not malnourished at baseline but became mal-
nourished during treatment had significantly worse overall
survival compared to those who maintained their nutri-
tional status (12.2 vs. 17.5 months, log rank p = 0.0484;
Figure 3A). Patients who were malnourished at baseline
and remained malnourished had numerically worse sur-
vival compared to those who improved their nutritional sta-
tus, although this was not statistically significant (8.7 vs.
13 months, log rank p = 0.722; Figure 3B). On multivari-
able analysis, change in NRI status was significantly associ-
ated with overall survival (Table 3).
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TABLE 3 Univariable and
multivariable analysis for overall survival.
Covariate
Age
Sex (male)
Race (non-Asian)
Number of metastatic
sites
ECOG
0
1
2
34
BMI < 18.5
Baseline NRI < 97.5
Baseline Sarcopenia
NRI change
Nourished —
Nourished
Malnourished —
Nourished
Nourished —
Malnourished
Malnourished —
Malnourished
Change in SMI
Stable
Increase 10%

Decrease 10%

Restaging CT scans were available for sarcopenia analysis
in 96 patients. There was no difference in survival between
the groups based on change in sarcopenia status (log rank
p = 0.885; Figure 4A). Overall survival stratified by change
in SMI is shown in Figure 4B. The median overall survival
for patients with stable versus increased versus decreased
SMI were 13.6 months, 17.8 months, and 11.8 months, re-
spectively (log rank p = 0.627).

4 | DISCUSSION

This present study evaluated the prognostic significance of
nutritional status and sarcopenia in patients with de novo
metastatic gastric and esophageal adenocarcinoma, a group
in which malnutrition and sarcopenia have not been exten-
sively studied. We found that baseline NRI, as well as change
in NRI during treatment, were significant prognostic markers
for overall survival while sarcopenia status and skeletal mus-
cle index were not.
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Univariable Multivariable
HR (95% CI) p-value HR (95% CI) p-value
1.05 (1-1.02) 0.066 1.01 (0.99-1.02) 0.44
0.89 (0.63-1.25) 0.51 1.34 (0.87-2.06) 0.19
0.76 (0.5-1.15) 0.2 0.83 (0.49-1.41) 0.5
1.17 (1.02-1.34) 0.029
<0.001 <0.001
Reference Reference
1.47 (0.99-2.17) 0.055 1.17 (0.74-1.84) 0.5
4.03 (2.23-7.26) <0.001 2.64 (1.37-5.07) 0.0037
6.15 (3.34-11.3) <0.001 9.28 (4.08-21.13) <0.001
1.22 (0.62-2.4) 0.57 0.66 (0.25-1.77) 0.41
1.92 (1.32-2.78) <0.001 1.77 (1.07-2.92) 0.025
1.24 (0.9-1.72) 0.19 0.97 (0.65-1.45) 0.88
0.059 <0.001
Reference Reference
1.94 (0.67-5.57) 0.22 2.45 (0.71-8.46) 0.16
1.78 (0.93-3.42) 0.083 6.29 (2.53-15.65) <0.001
2.17 (1.17-4.04) 0.014 7.11 (2.22-22.75) <0.001
0.63 0.098
Reference Reference
0.67 (0.24-1.89) 0.44 0.29 (0.08-0.97) 0.045
1.09 (0.7-1.7) 0.7 1.19 (0.66-2.16) 0.56

Previous studies investigating NRI in esophageal can-
cer have centered on patients with localized disease un-
dergoing curative-intent treatment. Clavier and colleagues
retrospectively analyzed 143 patients with localized esoph-
ageal cancer (113 squamous cell and 30 adenocarcinoma)
treated with definitive concurrent chemoradiotherapy, and
found on multivariable analysis that the NRI was an inde-
pendent prognostic factor for overall survival.® In a retro-
spective analysis of esophageal cancer patients included
in the SCOPEI clinical trial of chemoradiotherapy with
or without cetuximab, Cox et al. reported that a baseline
NRI < 100 was strongly associated with reduced overall
survival.* In the geriatric setting, two groups have studied
the geriatric nutritional risk index (GNRI) in elderly pa-
tients with esophageal squamous cell carcinoma undergo-
ing radiotherapy or definitive chemoradiotherapy.™’ In both
studies, most patients had localized or locally advanced dis-
ease. Both groups found that the GNRI was independently
associated with overall survival. Similarly, Kubo et al. retro-
spectively studied 240 esophageal squamous cell carcinoma



MA ET AL.

MWI LEY_Cancer Medicine

A o0
NRI change
== Nourished to Nourished
0.75 == Nourished to Malnourished
=
3
[
Qo
[
o 0.50
©
2
I
3
(%)
0.25
}
0.00 p = 0.0484 (Log Rank)
0 12 24 36 60 72 84 96 108
o Time (months)
§ gy 28 7 5 1 1 1 1 0
E =15 8 1 0 0 0 0 0 0
z Numbers at risk
B 100
NRI change
== Malnourished to Nourished
0.75 == Malnourished to Malnourished
2
E
©
Qo
o
o 0.50
2
2
=]
7]
0.25
t
0.00 p =0.722 (Log Rank)
0 6 12 18 24 30 36 42 48 54 60
o Time (months)
§ m— 4 2 1 0 0 0 0 0 0 0
5 R V4 10 5 3 1 1 1 1 1 1 1
z Numbers at risk

FIGURE 3 Overall survival of patients treated with chemotherapy stratified by change in NRI at time of first restaging CT scan. (A). Overall
survival of nourished patients who became malnourished versus remained nourished. (B) Overall survival of malnourished patients who remained

malnourished versus became nourished.

patients who underwent esophagectomy, and found that the
GNRI was an independent prognostic factor for overall sur-
vival.® While these studies have consistently demonstrated
that the NRI and GNRI are prognostic in esophageal cancer,
particularly in those with squamous histology and localized
disease, there is a paucity of literature in the metastatic set-
ting, and in adenocarcinoma patients. To our knowledge,
our study is the first to demonstrate the prognostic signifi-
cance of NRI in a large cohort of de novo metastatic gastric
and esophageal adenocarcinoma patients. Moreover, we are
the first to show that the change in NRI over the course of
treatment is prognostic for overall survival.

The existing sarcopenia literature in gastric and esoph-
ageal cancers has also focused on patients treated with cu-
rative intent, with inconsistent reports about the association
between sarcopenia and prognosis. Multiple studies have
found that sarcopenia is independently associated with poorer
overall survival after curative-intent resection or definitive
chemoradiotherapy. 1218 However, almost an equal number of
studies in the same time period and clinical context had the
opposite finding that sarcopenia was not a significant prog-
nostic factor for survival.*** To complicate interpretation,
different methods were used to define sarcopenia in these
studies. While most used the skeletal muscle index (SMI) at
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FIGURE 4 (A) Overall survival of patients treated with chemotherapy stratified by change in sarcopenia status. (B) Overall survival of

patients treated with chemotherapy stratified by change in skeletal muscle index (SMI).

the L3 level on CT imaging, others used bioelectrical imped-
ance, or incorporated functional measures of skeletal muscle
weakness into the definition. Even among those who used the
SMI at L3, different numerical reference ranges were used to
define sarcopenia across the studies.

Most previous studies examined patients with localized or
locally advanced disease undergoing definitive chemoradio-
therapy or surgical resection. The few studies that exclusively
looked at metastatic patients also had conflicting findings.
In a cohort of 140 patients with advanced gastric cancer,
Lee et al. reported that sarcopenic patients had significantly

shorter overall survival.! Conversely, Hayashi et al. found no
significant difference in survival between patients with low
versus normal skeletal muscle index.”> We also found that
sarcopenia was not significantly associated with survival in
our cohort of metastatic adenocarcinoma patients.

A few groups have reported that the loss of skeletal muscle
mass and development of sarcopenia during disease course
carries prognostic impact on oncologic outcomes, rather than
just the presence of sarcopenia at baseline.?**** Yoon et al.
recently reported that although the presence of sarcopenia
prior to neoadjuvant chemoradiotherapy and surgery was not
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prognostic, a 10% decrease in SMI during treatment was sig-
nificantly associated with overall survival.* Similarly, in the
metastatic setting, Sugiyama et al. studied 231 patients with
metastatic gastric cancer receiving platinum-based chemo-
therapy, and found that though pretreatment sarcopenia was
not associated with time to treatment failure or overall sur-
vival, muscle loss during treatment was associated with infe-
rior survival outcomes.’” In our cohort, a decrease in skeletal
muscle was not significantly associated with survival. In the
few patients who demonstrated improved skeletal muscle
index during treatment, there was a trend toward improved
survival, although the small numbers in this subset prevent
us from drawing definitive conclusions.

The limitations of our study include the retrospective de-
sign, limited number of patients in some groups of the subset
analysis, and missing follow-up imaging and laboratory data
in some patients which prevented us from recalculating SMI
and NRI at time of restaging. Notwithstanding these limita-
tions, our study adds new insight to the existing literature,
with several noteworthy findings.

Identification of malnutrition at diagnosis using the NRI
was significantly associated with worse survival outcomes,
and provided better prognostication compared to standard
measures such as BMI. The NRI is a tool which can easily be
used by clinicians, and may aid in treatment decision-making
and guide discussions of prognosis with patients and fami-
lies by identifying those at high risk for poor outcomes. We
also found that in patients who received chemotherapy, the
change in NRI with treatment was associated with survival.
In contrast to sarcopenia, which requires dedicated time and
software for image analysis, the NRI is an objective measure
which can be quickly calculated. In the clinical setting, use of
NRI serially during treatment could provide useful prognos-
tic information.

While NRI has been shown to be a useful poor prognostic
marker, it is unclear if this is a risk factor that could be mod-
ifiable, or if this is simply a marker of aggressive disease.
Prospective studies are needed to see if nutritional status can
be improved with interventions in the clinical setting, and if
doing so would improve outcomes in these patients.

5 | CONCLUSION
This study is the first to demonstrate in a large cohort of de
novo metastatic gastric and esophageal adenocarcinoma pa-
tients that pretreatment NRI as well as change in NRI during
treatment course were significantly associated with poorer
overall survival. NRI was superior to BMI alone as a nu-
tritional prognostic marker. Further study is needed to de-
termine whether these factors can be modified to improve
prognosis in these patients.
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