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Abstract

Objective To evaluate the correlation between sarcopenia and inflammation- and nutrition-based markers in metastatic
colorectal cancer (mCRC) patients.

Materials and methods Age, body mass index (BMI), neutrophil/lymphocyte ratio (NLR), modified Glasgow prognostic
score (mGPS), prognostic nutrition index (PNI), cachexia index (CIn), skeletal muscle index (SMI), controlling nutritional
status (CONUT) score, and geriatric nutritional risk index (GNRI) were evaluated in 185 patients. Ideal cut-off values for
the GNRI score were determined with the ROC curve analysis, and the patients were divided into two groups as low and
high GNRI. Sarcopenia was diagnosed using CT scanning, the gold standard method. Univariate and multivariate Cox
proportional hazard analyses were done based on the above-listed parameters to assess the correlation between sarcopenia
and changes in immuno-nutrition and inflammatory response. Kaplan—Meier analysis was also done to evaluate survival.
Results Univariate analysis of the 185 patients based on the EGWSOP 2018 threshold values showed correlation between the
presence of sarcopenia and male gender, diagnosed colon cancer, history of metastasectomy, BMI < 24, high mGPS score,
PNI score >45, high CONUT score, and low GNRI score (p <0.05). In multivariate analysis, low GNRI (HR: 2.40; 95% CI:
1.03-5.544; p=0.040), and high-CONUT scores (HR: 2.01; 95% CI: 1.06-3.73; p=0.029) were identified as independent
prognostic factors for the presence of sarcopenia.

Conclusion GNRI and CONUT scores are elementary and practical predictors for sarcopenia, a condition which is associated
with poor outcomes in mCRC patients.
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Introduction a tool for assessing cachexia in cancer patients [1]. Albeit,

sarcopenia is said to be a syndrome associated with malnu-
Sarcopenia is defined as a decline in skeletal muscle mass, trition, and the condition has also been shown to occur in
strength, and function due to advanced age, reduced mobil-  overweight and obese individuals [2]. Sarcopenia patients

ity, malnutrition, malignancy, chronic diseases, and cachexia ~ can have adverse nutritional and immunological factors and
[1]. Major clinical guidelines have included sarcopenia as ~ show lower adherence to successive anti-tumor treatments,
such as radiotherapy, surgery, and chemotherapy [2, 3].
Sarcopenia has been identified as a poor prognostic fac-
tor in patients with solid tumors such as pancreatic cancer,
melanoma, and hepatocellular carcinoma [2—4]. While dif-
Department of Medical Oncology, Izmir Katip Celebi ferent measurement techniques were used in different stud-
g:rilzz;Sity’ Ataturk Training and Research Hospital, Izmir, ies to identify sarcopenia, there are some overall challenges
in the assessment of the condition. Computed tomography
(CT) measurement of the skeletal muscle in the third lumbar
vertebra (L.3) region is a reference method due to its accu-
racy and reliability in the assessment of the condition [2, 3].
The method, however, is expensive, exposing individuals to
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muscle region is a labor-intensive process that requires an
experienced radiologist.

The mechanisms underlying chemotherapy-induced sarco-
penia in cancer patients have not been clearly differentiated.
While impaired food intake, reduced physical activity due
to fatigue, the direct effect of chemotherapy on the muscles,
and malabsorption secondary to mucositis or anorexia are
the possible causes of sarcopenia that emerge during chemo-
therapy; the catabolic sequelae of chemotherapy can also be a
co-factor for chemotherapy-induced sarcopenia [2]. The pres-
ence of sarcopenia in cancer patients has been associated with
increased postoperative complications, chemotherapy toxicity,
and worse disease-free survival or overall survival [2, 3].

Increasing evidence suggest that systemic inflammatory
response and malnutrition have a role in the development and
progression of cancer [2]. The host’s immune response to malig-
nancy is characterized by systemic inflammation, which leads to
changes in the levels of cells such as neutrophils, lymphocytes,
monocytes and platelets, and markers such as C-reactive protein
(CRP) and albumin. While systemic inflammation is charac-
terized by an imbalance between pro-inflammatory and anti-
inflammatory cytokines in malignant cases, inflammatory mark-
ers can be used to predict prognosis in various malignancies.

Immuno-nutritional parameters like the prognostic
nutritional index (PNI), the controlling nutritional status
(CONUT), and the geriatric nutritional risk index (GNRI)
have been evaluated as predictive and prognostic factors in
different malignancies. These parameters can be easily cal-
culated based on the hematological and anthropometric data
of patients used in everyday practice.

Recently, these immuno-nutritional parameters were
defined as prognostic markers for various malignancies,
including CRC [2-4]. There are, however, no studies that
have examined whether these biomarkers could predict sar-
copenia in mCRC patients. In our study, we aimed to assess
the relationship between sarcopenia diagnosed with CT in
mCRC patients and immuno-nutritional parameters.

Materials and methods
Data collection and follow-up

The method and procedure for the study were approved by
the Ethics Committee of the University. All 185 mCRC
patients that were treated at the Medical Oncology Clinic
from April 2010 through March 2014 were included in
the study and followed-up for at least 5 years. Patients’
age, weight, height, body mass index (BMI), comorbidi-
ties, ECOG status, and demographic data were recorded.
Patients who had severe comorbidities, or were receiving
anti-inflammatory therapy, had active infection, inadequate
organ function or no abdominal CT scan at the third lumbar
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vertebra level (L3) available for review were excluded. The
Charlson comorbidity index (CCI) was used to determine
and grade comorbidities, and patients with a CCI score >7
were excluded (a baseline score of 6 was accepted for all
patients due to the presence of metastatic solid tumors).
Absolute neutrophil and lymphocyte counts, serum albumin
and C-reactive protein (CRP) levels, and serum total choles-
terol levels were recorded at the time when metastasis was
detected. The presence of sarcopenia was evaluated using
the computed tomography (CT) images of patients that were
taken one month before treatment.

Skeletal muscle index (SMI) and sarcopenia

The images were analyzed using the technique that is com-
monly used in sarcopenia studies: the third lumbar vertebra
where transverse processes were visible was used as land-
mark axial level. Two consecutive images were chosen to
measure muscle cross-sectional area. The psoas, paraspinal,
oblique, and rectus muscle regions were quantified with
dedicated renderings as a region of interest (ROI), using a
Hounsfield unit (HU) threshold of 30 to p150 to select skel-
etal muscle, but excluding fat, bone, and vasculature. The
average of the cross-sectional areas was computed and cor-
rected for height to calculate the muscle index (cm?/m?). Sar-
copenia index (SI) was calculated as L3 SMA (cmz)/height
(m?). Given the absence of studies from our country, the SI
cut-off value was obtained by using EGWSOP-2018 [2].

Body mass index (BMI)

Height and weight of patients were measured with a regu-
larly standardized stadiometer. Body weight was recorded
to the nearest 0.1 kg and height to the nearest 0.1 cm. BMI
was calculated by dividing the weight by the square of
height (kg/m?). Groups were classified as BMI <24 kg/m?
and BMI > 24 kg/m? for statistical analysis. Optimal BMI
cut-off values were determined with ROC curve analysis
and patients were separated into two groups as low (>24)
and high (>24) BMI.

Markers of systemic inflammation

Nine markers (absolute neutrophil count, NLR, serum albu-
min level, serum CRP level, mGPS, Cachexia Index (Cln),
PNI scores, CONUT, and GNRI) were calculated using the
laboratory data obtained. Any infections or chronic inflam-
matory conditions affecting these laboratory parameters were
ruled out. mGPS, Cln, and PNI are given in Table 1. NLR cut-
off value was accepted as the median value of patients’ NLR
measurements. The CONUT score was calculated using serum
albumin concentration, peripheral lymphocyte count, and total
cholesterol concentrations (12). In brief, each parameter was
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Table 1 Inflammation-based prognostic scores and cut-off values of
sarcopenia indexes

Prognostic Index (PI) Score
CRP <10 mg/L and WBC <10x 10° 0
CRP < 10 mg/L and WBC>10x 10° 1
CRP> 10 mg/L and WBC <10x10° 1
CRP > 10 mg/L and WBC>10x 10° 2
Prognostic Nutritional Index (PNI) Score

10xalbumin (g/dL)+0.005x lymphocyte count(per mm*)>45 0
10xalbumin (g/dL)+0.005xlymphocyte count(per mm®)<45 1

Modified Glasgow Prognostic Score (mGPS) Score
CRP < 10 mg/L and albumin>3.5 g/dL 0
CRP <10 mg/L and albumin< 3.5 g/dL 1
CRP> 10 mg/L 1
CRP > 10 mg/L and albumin <3.5 g/dL 2
Sarcopenia Index (SI)* Sarcopenia
L3 lumbar skeletal muscle area (cmz)/height2 (m?)

Women <32 and men<41.6 (crnz/mz) Yes
Women >32 and men >41.6 (cm*m?) No
Cachexia Index (ClIn) Stage
SI (cm?m?) x albumin (g/dL)/NLR > 35 1

SI (cm?/m?) x albumin (g/dL)/NLR <35 2

CRP C-reactive protein. ¥YEGWSOP sarcopenia index cut-off value

scored as follows: albumin concentration: > 3.5 mg/dL: 0
points, 3.0-3.49 mg/dL: 2 points, 2.5-2.99 mg/dL: 4 points,
and <2.5 mg/dL: 6 points. Total lymphocyte count: > 1600/
mm?: 0 points, 1200-1599/mm?: 1 point, 800—1199/mm?:
2 points, and < 800/mm?>: 3 points. Total cholesterol levels
were scored as: > 180 mg/dL: 0 point, 140—179/mm?: 1 point,
100-139/mm?: 2 points, and < 100/mm?: 3 points. The sum of
these scores was defined as the CONUT score.

GNRI was calculated using serum albumin concentra-
tion and body weight as described elsewhere [2]. The GNRI
formula was GNRI=14.87 X serum albumin concentration
(g/L)+41.7 x weight/ideal weight (kg). The ideal body weight
was calculated as: ideal bodyweight =22xsquare of height (m).

Statistical analyses

The Statistical Package for Social Sciences for Windows
20.0 (SPSS, Inc., Chicago, IL, USA) was used for analysis.
Survival was defined as the time from diagnosis to death or
last visit. Descriptive statistics summarized frequencies and
percentages for categorical, mean, and standard deviation for
continuous variables. Categorical variables were compared
with the Independent Samples 7-test and categorical param-
eters with the x 2 test. The power of the GNRI was analyzed
using ROC curve analysis. A significant cut-off point was
observed, and the sensitivity, specificity, and positive and
negative predictive values were detected. Overall survival
analyses of prognostic indexes and clinical and pathological
features were calculated using the Kaplan—-Meier method

(log-rank test). Parameters that appeared significant in
univariate analysis for survival and did not show multicol-
linearity were included in the Cox multivariate regression
analysis. Also, inflammatory parameters that seemed signifi-
cant for the presence of sarcopenia in the univariate analysis
were included in the Cox multivariate regression analysis.
Backward LR Strategy was applied in multivariate analysis.
The 95% confidence interval (CI) was used to indicate the
relationship between survival time and each independent
factor. Statistical significance level was p <0.05.

Results

The baseline characteristics of 185 mCRC patients are given
in Table 2 and the mean values of clinical and laboratory
parameters based on patient characteristics are shown in
Table 3. Median age at presentation was 59 (range, 19-87)
years. Males were predominant in the study population
(58.4%). Of the 185 patients, 125 (67.6%) had colon cancer
and 60 (32.4%) had rectal cancer. Median follow-up time
was 38.4 (range, 2—120) months. While 81.1% of the patients
were recorded as ECOG 0-1, 42.7% (79 patients) had a his-
tory of adjuvant chemotherapy and were found metastatic in
the follow-up period. The most common site of metastasis
was the liver with 53%.

The CONUT score of the patients was between 0 and 11
(4.03) and the GNRI score was between 64.20 and 142.07
(102.36). The ROC curve for GNRI showed an optimal
cut-off value of 107.28 (AUC =0.805; 95% CI 0.58-0.87,
p<0.001). ROC analysis provided 90% sensitivity and 74%
specificity for this cut-off value (Fig. 1). Therefore, 107.28
was determined as the threshold value and the patients
were separated into two different groups as low GNRI and
high GNRI. According to the CONUT score, 114 patients
(61.6%) were in the normal-to-light score group.

Univariate analysis was conducted to identify the poten-
tial risk factors for sarcopenia. In the univariate analysis with
cut-off values of EGWSOP 2018, sarcopenia was found to be
associated with male gender, colon cancer at diagnosis, his-
tory of metastasectomy, NLR <3.41, BMI < 24, high mGPS,
and PNI score >45. Sarcopenia was significantly more com-
mon among patients who had moderate-to-severe CONUT
scores and low GNRI levels (p <0.001). When patients were
grouped by age, no difference was found with respect to
the presence of sarcopenia between patients aged > 65 years
and > 65 years (p=0.145) (Table 4).

In univariate analysis for survival, poor prognostic fac-
tors were found to be associated with poor ECOG per-
formance status, weight loss > 10% in the past 6 months,
NLR>3.41, BMI <24, high mGPS, high PI, CIn score < 35,
PNI level <45, SI positivity (EGWSOP), high CONUT, and
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Table 2 Clinic and pathological features of patients

Table 3 Mean values of clinical and laboratory parameters

Parameters Number of patients (%) Parameters (Mean +SD)
Age Age (years) 59.41+£12.367
<75 167 (90.3%) Weight (kg) 70.54+13.01
>75 18 (9.7%) Male/female 72.62+12.21/67.62+13.6
Gender BMI (kg/m?) 25.72+4.82
Female 77 (41.6%) Male/female 24.63+3.77/27.25 +5.67
Male 108 (38.4%) ISIIZE/(fI:ri/a]Ie): iéﬁg i jggim.zg +£35.77
Histology Albumin (mg/dL) 3.60+0.52
Adenocarcinoma 166 (89.7%) Male/female 3.55+0.52/3.68+0.52
Mucinous adenocarcinoma 16 (8.6%) SMA (cm?) 113.59+27.66
Signet-ring cell 3 (1.6%) Male/female 126.43 +25.63/95.57+19.11
Grade SI (cm*m?) 41.08+8.44
Well differentiated 65 (35.1%) Male/female 42.99+8.78/38.39+7.16
Moderately differentiated 104 (56.2%) BMI body mass index, CRP C-reactive protein, SMA skeletal muscle
Poorly differentiated 16 (8.6%) area, SI sarcopenia index, SD standard deviation
ECOG
ECOG 0-1 150 (81.1%)
ECOG 2-3 35 (18.9%) ROC Curve
Condition at diagnosis 18
Metastatic 106 (57.3%)
Non-metastatic 79 (42.7%)
Site of metastasis 08
Liver 98 (53%)
Peritoneum 25 (13.5%)
Lungs 37 (20%) 06
Other 25 (13.5%) g
Metastasectomy §
Yes 58 (31.4%) & oo
No 127 (68.6%)
Weight loss
<10% 129 (69.7%)
>10% 56 (30.3%) B2
ECOG Eastern Cooperative Oncology Group / /
00+ ; ; ; ;
00 02 04 06 08 10

low GNRI scores (Table 5). In multivariate analysis, low
GNRI score (HR: 2.22; 95% CI: 1.55-3.17; p <0.001), high
ECOG performance score (HR: 1.67; 95% CI: 1.11-2.49;
p=0.012), moderate-to-severe CONUT score (HR: 1.49;
95% CI: 1.04-2.14; p=0.027), and presence of sarcope-
nia according to EGWSOP (HR: 1.62; 95% CI: 1.09-2.39,
p=0.016) retained significance (overall survival).

Multivariate analysis was done to determine the inflam-
matory/immuno-nutritional marker that best indicated the
presence of sarcopenia. In multivariate analysis, low GNRI
score (HR: 2.40;95% CI: 1.03-5.544; p=0.040) and moder-
ate-to-severe CONUT score (HR: 2.01; 95% CI: 1.06-3.73;
p=0.029) were identified as independent prognostic factors
for the presence of sarcopenia.
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Fig. 1 ROC curve for the Geriatric Nutritional Risk Index

Discussion

In this study, we investigated the relationship between sar-
copenia and inflammatory/immuno-nutritional parameters
in mCRC patients. As a result, we showed—for the first
time—that the condition of sarcopenia in mCRC patients
is significantly correlated with immuno-nutritional param-
eters such as GNRI and CONUT scores. Our results showed
that the decision of whether sarcopenia exists can be given
simply based on laboratory parameters and anthropometric
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Table 4 Association of clinical and laboratory parameters and prog-
nostic indexes with sarcopenia

Table 5 Association of clinical and laboratory parameters and prog-
nostic indexes for OS

Number of  Sarcopenia (EGWSOP)
patients (%)
No Yes p-value
Gender
Male 108 (58.4) 17 (15.7) 91 (84.3) <0.001
Female 77 (41.6) 40 (51.9) 37 48.1)
Age
<65 105 (56.8) 37(35.2) 68(64.8) 0.145
>65 80 (43.2) 21(26.3) 59 (73.7)
Diagnosis
Colon 123 31(25.2) 92(74.8) 0.019
Rectal 62 27 (41.7)  35(58.3)
Metastasectomy
Yes 127 25(43.1) 33(56.9) 0.012
No 58 32(25.2) 95(74.8)
ECOG status
ECOG 0-1 150 (81.1) 48 (32) 102 (68) 0.305
ECOG 2-3 35 (18.9) 9257 26(74.3)
Weight loss
<10% 129 (69.7) 45(34.9) 84(65.1) 0.055
>10% 56 (30.3) 13 (21.8) 43(78.2)
BMI
<24 74 (40) 9(12.2)  65(87.8) <0.001
>24 111 (60) 48 (43.2) 63 (56.8)
NLR group
<341 108(58.4) 27 (25) 81 (75) 0.031
>3.41 77(41.6) 30 (39) 47 (61)
mGPS
0 57 (30.8) 54 (94.7) 3(5.3) <0.001
1 38 (20.5) 3(7.9) 35(92.1)
2 90 (48.6) 0(0) 90 (100)
PNI
>45 73 (39.5) 31(43.8) 41(56.2)  0.002
<45 112 (60.5) 25(22.3) 87(77.7)
Cln
<35 68 (36.8) 16 (23.5) 52(76.5) 0.070
>35 117 (63.2) 41 (35) 76 (65)
CONUT
Normal-light 114 (61.6) 55(48.2) 59(51.8) <0.001
Moderate-severe 71 (38.4) 2(2.8) 69 (97.2)
GNRI
High 69 (37.3) 47 (68.1) 22(31.9) <0.001
Low 116 (62.7) 10 (8.6) 106 (91.4)

BMI body mass index, Cin cachexia index, ECOG Eastern Coop-
erative Oncology Group, EGWSOP European Working Group on
Sarcopenia in Older People, mGPS modified Glasgow prognostic
score, NLR neutrophil-lymphocyte ratio, PNI prognostic nutritional
index. The bold entries are statistical significance. p <0.05 = statisti-
cal significance

Univariate analysis of OS

Number of Median OS in months  p-value
patients (%) 95% CI)
ECOG
0-1 150 (81.1) 37 (31.36-42.63) <0.001
2-3 35(18.9) 21 (15.2-26.79)
Age 0.204
<65 105 (56.8) 30 (20.86-39.13)
>65 80 (43.2) 36 (26.24-45.75)
BMI <0.001
<24 74 (40) 21 (16.78-25.21)
>24 111 (60) 39 (33.35-44.64)
NLR <0.001
<341 108 (58.4) 43 (37.02-48.97)
>3.41 77 (41.6) 21 (16.76-25.23)
SI (cm?/m?)*
Yes 128 (69.2) 27 (21.26-32.73) 0.026
No 57 (30.8) 40 (32.75-47.24)
Diagnosis
Colon 123 (66.4) 30 (21.66-38.33) 0.194
Rectal 62 (33.6) 36 (25.25-46.74)
Gender
Male 108 (58.4) 31(23.07-38.97) 0.117
Female 77 (41.6) 35(22.84-47.11)
WL 129 (69.7) 39 (32.92-45.07) <0.001
<10%>10% 56 (30.3) 21 (17.37-24.62)
mGPS
0 57 (30.8) 40 (32.94-47.05)
1 38 (20.5) 44 (36.13-51.87) 0.006
2 90 (48.6) 24 (18.19-29.8)
PNI
>45 73 (39.5) 42 (37.72-46.27) 0.013
<45 112 (60.5) 26 (20.51-31.48)
PI
0 55(29.7) 40 (33.07-46.92)
110 (59.4) 30 (21.87-38.13) 0.002
2 20 (10.9) 15 (8.45-21.54)
Cln
<35 68 (36.8) 19 (15.38-22.61) <0.001
>35 117 (63.2) 42 (37.07-46.92)
CONUT
Normal-light 114 (61.6) 40 (35.35-44.65) 0.002
Moderate-severe 71 (38.4) 23 (18.14-27.86)
GNRI
High 69 (37.3) 46 (30.86-61.13) <0.001
Low 116 (62.7) 23 (18.82-27.17)

BMI body mass index, Ciln cachexia index, ECOG Eastern Coop-
erative Oncology Group, mGPS modified Glasgow prognostic score,
NLR neutrophil-lymphocyte ratio, OS overall survival, PNI prognos-
tic nutritional index, PI prognostic index, S/ sarcopenia index, WL
weight loss, CONUT controlling nutritional status, GNRI Geriatric
Nutritional Risk Index. The bold entries are statistical significance.
p <0.05 =statistical significance
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measurements such as height-weight, without the need for
skeletal muscle measurement with CT, and immuno-nutri-
tional parameters such as the GNRI and the CONUT scores
could predict sarcopenia.

Sarcopenia, which is characterized by the progressive loss
of skeletal muscle mass, muscle strength, and physical per-
formance [2], has been reported as a poor prognostic factor
in various types of cancers and to predict survival [2-4]. A
meta-analysis of 38 studies conducted with a total of 7,843
patients with solid tumors showed that, similar to our study,
sarcopenia was associated with poor overall survival (HR:
1.44,95% CI: 1.32-1.56, p <0.001) [2]. Roxburgh et al. [2]
reported a strong correlation between low skeletal muscle
mass and systemic inflammatory response in CRC patients
and indicated that this negatively affected the course of
the cancer. As well as prognosis and survival, sarcopenia
has been reported to also be an independent risk factor for
complications after CRC surgery and mortality [2, 3]. In
their review including 9138 cancer patients from 53 studies,
Kazemi et al. [2] reported that sarcopenia negatively affected
the outcome of cancer treatment, increased chemotherapy
toxicity, length of hospitalization, and postoperative compli-
cations. Jung et al. reported sarcopenia to be associated with
an increased risk of toxicity and poor prognosis of grade
3—4 chemotherapy in metastatic colon cancer patients [14].

The CONUT score is a relatively new immuno-nutri-
tional biomarker based on total lymphocyte count, serum
albumin concentration, and total serum cholesterol meas-
urement [16]. Total lymphocyte count, total serum albu-
min concentration, total cholesterol concentration in the
peripheral blood indicate decreased immune response,
protein storage, and calorie deficiency, respectively:
Cholesterol, a component of cellular membranes, plays
an important role in immunity. It effectuates a range of
biological activities, such as membrane fluidity and mem-
brane protein activities, which, as well as the initiation
and progression of cancer, may also be associated with
immune response. The relationship between cytotoxic
effect and cholesterol content in the cell membrane has
been shown in apoptosis against cancer cells. Hypocholes-
terolemia may therefore lead to a poor prognosis in cancer
[2]. Lymphocytes, on the other hand, play a role in the
host’s anticancer defense by both causing apoptosis and
suppressing cancer cell proliferation, invasion, and migra-
tion [2]. Consequently, lymphocytopenia may contribute to
tumor growth. Malnutrition or hypercatabolism may cause
hypoalbuminemia in cancer patients, but low albumin may
also be due to systemic inflammation, which can lead to
hypercytokinemia and a weak immune response against
cancer cells [2]. The CONUT score measures not only
the nutritional status, but also systemic inflammation and
immunological response. As a result, the CONUT score
can be a good immuno-nutritional marker. The CONUT

@ Springer

score has been demonstrated to have prognostic signifi-
cance in lung cancer [2] and stomach cancer [2]. Our study
is the first to demonstrate that the CONUT score can be
used as an independent biomarker for predicting sarcope-
nia in mCRC patients. The CONUT score has also been
proven to be an independent prognostic factor on overall
survival.

Since the GNRI is based on serum albumin concentration
and BMI, it is a marker that can reflect nutritional status.
Serum albumin is a simple and valuable marker that can
indicate malnutrition or cachexia in cancer patients. Low
serum albumin levels have been associated with poor sur-
vival in mCRC and stomach cancer patients [2, 3]. Moreo-
ver, recent studies showed that increased BMI was associ-
ated with a better prognosis in mCRC patients [2—4]. GNRI,
which consists of the combination of these two important
parameters, may be one of the most valuable immuno-
nutritional parameters. An effective nutrition screening tool
should be simple, cost-free, computable with available data,
and easy to use. GNRI can be easily calculated using routine
laboratory data. The prognostic prediction ability of GNRI
is superior to those of BMI and serum albumin levels alone
[2]. The role of GNRI in patients with different types of can-
cers, including lung cancer [2], prostate cancer [2], head and
neck cancer [2], and gastrointestinal cancer [2, 3] has been
assessed in recent studies; however, the prognostic value of
GNRI in CRC and its relationship to sarcopenia could not
be fully identified. Our study is the first to show that GNRI
has good differentiating power in predicting the presence of
sarcopenia in mCRC patients and is an independent prog-
nostic factor.

There are many studies that show the effects of the
presence of sarcopenia on both survival and the treatment
process, as well as hospitalizations, chemotherapy toxicity,
and complications. In our study, we once again showed
that the presence of sarcopenia in mCRC patients is an
independent prognostic factor on overall survival. Even
more important is the detection and monitoring of sarco-
penia in this group of patients with a simple, bias-free,
and practical method. Our study has shown, for the first
time, that sarcopenia diagnosed with CT scanning can be
independently predicted by immuno-nutritional parameters
such as GNRI and CONUT scores. These scores, which
can be easily calculated during diagnosis and follow-up,
both are significant immuno-nutritional indicators and
very important in the management of mCRC patients who
are in dire need of treatment, including chemotherapy,
radiotherapy, nutritional support, and conservative care.

The absence of a standardized definition of sarcopenia,
in other words, lack of a generally accepted definition in
CT-based measurements and standardized cut-off values,
has been a major limiting factor in our study. Cut-off val-
ues for our country, on the other hand, were determined
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in sarcopenia studies that included a general elderly popu-
lation. Reported BIA (bioelectrical impedance analysis)
measurements are 9.2 kg/m? for men and 7.4 kg/m? for
women [2]; however, it was not possible to use these meas-
urements in our analysis since our study was designed
to investigate sarcopenia by CT. We therefore used the
EGWSOP values. Another possible limitation of our
study was that we did not have the opportunity to meas-
ure inflammation-related cytokine levels such as TNF-a,
IL-1 and IL-6 in the blood of the patients but analyzed
the parameters obtained in standard tests as inflammatory
markers. And lastly, since our study was a single-center
study, our results should be supported by prospective
multi-center studies and the role of immuno-nutritional
scores in patients' follow-up and treatment responses
should be elucidated.

To conclude, our study showed both GNRI and CONUT
scores to be effective independent prognostic factors for
predicting sarcopenia, which is associated with poor out-
come in mCRC patients. Based on our results, we rec-
ommend using both, as they are simple and inexpensive
indicators that can be calculated with the parameters we
use in daily practice. Prospective studies with larger num-
bers of patients, in which the two scores are tested in this
aspect, are needed to investigate the superiority of these
two scores over each other in specific situations.
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