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Background: Controlling nutritional status (CONUT) and skeletal muscle area (SMA) are both useful
prognostic factors in patients with non-small cell lung cancer (NSCLC). We hypothesized that low serum
creatine kinase (CK) would be a surrogate of decreased SMA, and defined a novel prognostic factor,
CONUTY/CK score (CNKS). The aim of this study was to elucidate the clinical significance of CNKS in
NSCLC patients.

Methods: One hundred and eighty-nine patients who underwent surgical resection of NSCLC and whose
preoperative computed tomography images were available were enrolled. The CNKS was calculated by
summing CONUT score and CK score, which was defined as 0 if the CK concentration is within normal
range, and 2 if it is under lower limit. The optimal cut-off values of CNKS and CONUTT score were 4 and 2,
respectively.

Results: Low CK was significantly associated with decreased SMA (P=0.012). The high CNKS group was
significantly associated with men and smoking history (P=0.006 and P=0.015, respectively). The high CNKS
group had significantly shorter overall survival (OS) and disease-free survival (DFS) (P<0.001 and P=0.003,
respectively) than the low CNKS group. The CNKS was found to be an independent prognostic factor for
OS and DFS (P=0.012 and P=0.017, respectively), while CONUT score was not. The CNKS was a novel
significant predictor of a poor prognosis in patients with NSCLC.

Conclusions: The nutritional status combined with skeletal muscle index was suggested to provide more
useful prognostic information than alone, which should be investigated in further prospective studies with a

larger cohort.
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Introduction

Lung cancer is a major cause of cancer death worldwide
and non-small cell lung cancer (NSCLC) accounts for
approximately 85% of all cases (1,2). Prognostic factors for
NSCLC patients are important for clinicians to determine
the postoperative follow-up and to choose patients who
should receive the adjuvant chemotherapy. Previous studies
have shown the prognostic factors to be derived from
not only tumor-associated factors but also host-related
conditions such as performance status (PS) and change
in weight (3,4). Among the host-related factors, skeletal
muscle area (SMA) and nutritional status have recently been
reported to be significantly associated with postoperative
outcomes in patients with various types of malignancies,
including NSCLC (5-12).

With regard to nutritional status, controlling nutritional
status (CONUT) has been reported to be a significant
prognostic factor in patients with NSCLC (11,13,14).
The CONUT consists of three clinical factors: the serum
albumin, cholesterol levels, and lymphocyte count (7able 1).
Although CONUT would clearly provide an important
prognostic information, there remains a question whether
we can really equate the serum nutritional status to a
physiologic condition. In addition, our previous study has
shown that prognostic nutritional index (PNI) (10), which
is calculated by serum albumin and lymphocyte count, was
not correlated with SMA (R’=0.037; unpublished data).
Therefore, we hypothesized that combination of nutritional
status and skeletal muscle index would be more useful in
predicting postoperative prognosis than nutritional index
alone. In this study, we used serum creatine kinase (CK) as

Table 1 The assessment of the CNKS and CONUT score

Takamori et al. Impact of novel prognostic CNKS in NSCLC

a surrogate of SMA, and defined a novel prognostic factor,
CONUT/CK score (CNKS), by combining CONUT
score with CK score (Table 1). The aim of this study was to
elucidate the clinical significance of CNKS and compared
the prognostic impact of CNKS with that of CONUT

score alone.

Methods
Patients

From January 2005 to December 2010, 358 patients
underwent complete lung resection and were diagnosed as
having primary NSCLC at the Department of Surgery II,
Kyushu University Hospital (Fukuoka, Japan). From that
cohort, patients who had undergone CT examinations in
our institution within 1 month preoperatively were enrolled
in this study (n=204). In the selection, patients whose CT
scans had been performed in other hospitals were excluded.
Of these patients, those whose results of preoperative
blood examination within 1 month were available were
included. Thus, the present study investigated the data for
189 patients, using the paravertebral muscle area at the level
of the 12th thoracic vertebrae (Th12) being measured for
this purpose. Pathological staging (pStage) was determined
according to the seventh edition of the TNM Classification
of Malignant Tumors. Serum CK and indicators of
nutritional status, including albumin and cholesterol, were
measured preoperatively. In addition, sex, age, smoking
history (pack year index: PY), histopathologic findings, PS,
adjuvant therapy, and surgical procedure were analyzed.
The institutional review board of Kyushu University

Factors

Range and score

Creatine kinase (mg/dL)

Score 0
Albumin (g/dL) =>3.50

Score 0

Cholesterol (mg/dL) >180

Score 0
Lymphocyte count (/mm?) >1,600

Score 0

men: =62, women: =45

men: <62, women: <45

2
3.00-3.49 2.50-2.99 <2.50
2 4 6
140-179 100-139 <100
1 2 3
1,200-1,599 800-1,199 <800
1 2 3

CNKS = CONUT score + creatine kinase score; CONUT score = albumin score + cholesterol score + lymphocyte score. CNKS, controlling
nutritional status/creatine kinase score; CONUT, controlling nutritional status.
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Figure 1 Imaging and assessment of skeletal muscle area in patients with non-small cell lung cancer. (A) An example of the paravertebral

muscle area at the level of the 12th thoracic vertebra (cm®); (B) the association between serum creatine kinase status (normal/under lower

limit) and standardized paravertebral muscle area at the level of the 12th thoracic vertebra (cm’/m?).

(Fukuoka, Japan) approved this study (IRB No. 29-259).

The definition and the cut-off value of the CNKS and
CONUT score

The CK score was defined as 0 if the concentration is
within normal range, and 2 in case it is under lower limit
determined by the institution. Then, the CNKS was
calculated by summing CONUT score and CK score as
shown in 7able 1. The CONUT was assessed as previously
described (7Table 1) (12,13). The receiver operating
characteristic (ROC) curve for 5-year survival revealed
that the optimal cut-off value of CNKS was 4 with 60.5%
sensitivity and 59.5% specificity [area under curve (AUC)
=0.637; Figure S1A]. The ROC curve showed that the best
cut-off CONUT was 2 with 90.5% sensitivity and 23.8%
specificity (AUC =0.598; Figure S1B). The cut-offt CONUT
score of 2 was also used in previous reports (13).

Imaging and assessment of SMA

Preoperative CT scans were performed within 1 month
before surgery. Paravertebral SMA (cm®) at the Th12 level
was measured with OsiriX® software (32 bit, version 5.8;
OsiriX, Geneva, Switzerland) with a threshold from -29 to
+150 Hounsfield units (5). An example of the paravertebral
SMA at the Th12 level is shown in Figure 1A. The Th12
muscle index was standardized as the paravertebral SMA
(cm’) at the Th12 level divided by the height (m) squared (5).

Statistical analysis

Associations between CNKS and clinicopathological factors
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were analyzed using Student’s t-test, the Mann—Whitney
U test, and Pearson’s y’ test as appropriate. Survival
probabilities were estimated by using the Kaplan-Meier
method. Differences in the survival probabilities were
analyzed by the log-rank test. Univariate and multivariate
analyses were performed with the log-rank test and a
proportional hazards model. Differences were considered
to be statistically significant when the P value was less than
0.05. All analyses were performed with JMP® 13.0 (SAS
Institute, Cary, NC, USA).

Results
Patient characteristics

The patient characteristics are shown in Table 2. Median
age was 68 ranging between 29 and 93. One hundred and
thirteen (59.8%) were men. One hundred and nineteen
(63.0%) were current or former smokers, and median PY
was 23.5 ranging between 0 and 125. One hundred and
forty-five (76.7%) were pStage I, 26 (13.8%) were pStage 1II,
and 18 (9.5%) were pStage III; 150 (79.4%) and 31 (16.4%)
were diagnosed as adenocarcinoma and squamous cell
carcinoma, respectively; 186 patients (98.4%) were PS 0 or
1. One hundred and forty-eight (78.3%), 19 (10.1%), and
22 (11.6%) patients underwent lobectomy, segmentectomy,
and wedge resection, respectively. Adjuvant chemotherapy
was administered for 45 patients (23.8%).

Association between serum CK concentration and Thi12
muscle index

The Th12 muscle index was defined as the paravertebral

7 Thorac Dis 2019;11(3):927-935
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Table 2 The patient characteristics (n=189)

Factors

Value or no. of patients

Age (years), median [range]
Sex, n (%)
Men
Women
Smoking status, n (%)
Never
Ever
Pack years, median [range]

Pathological stage, n (%)

lib
liia
Histological type, n (%)
Adenocarcinoma
Squamous cell carcinoma
Others
Performance status, n (%)
0
1
2
3
Surgical procedure, n (%)
> Lobectomy
Segmentectomy
Partial resection
Adjuvant chemotherapy, n (%)
None
Uft
S-1
Cisplatin-based
Carboplatin-based
Others

68 [29-93]

113 (59.8)
76 (40.2)

70 (37.0)
119 (63.0)
23.5 [0-125]

106 (56.1)
39 (20.6)
8 (4.2)
18 (9.5)
18 (9.5)

150 (79.4)
31 (16.4)
8(4.2)

138 (73.0)
48 (25.4)
1(0.5)
2(1.1)

148 (78.3)
19 (10.1)
22 (11.6)

144 (76.2)
17 (9.0)
9 (4.8)
11 (5.8)
5 (2.6)
3(1.6)

UFT, tegafur-uracil; S-1, tegafur-gimeracil-oteracil.
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SMA (cm’) at the Th12 level divided by the height
(m) squared (5). The relationship between serum CK
concentration and Th12 muscle index is shown in Figure 1B.
The CK concentration under lower limit was significantly
associated with decreased Th12 muscle index.

The clinicopathological factors associated with a
bigh CNKS

All the patients were classified into the low CNKS group
or high CNKS group using a cut-off CNKS value of 4.
Twenty-one of the 189 (11.1%) patients were classified into
the high CNKS group (>4). A high CNKS was significantly
related to men, smoker, and higher PY (P=0.006, P=0.015,
and P<0.001, respectively). The data are summarized in
Table 3. The relationships between CNKS >4 and men,
smoker, and higher PY are shown in Figure 2, respectively.

The impact of the CNKS on postoperative recurrence

The high CNKS group had significantly shorter DFS
(P<0.001). The Kaplan-Meier curve is shown in Figure 2A.
As shown in Figure 34,B, the difference in DFS was greater
between high and low CNKS groups than that of CONUT.
The univariate analysis to investigate the relationship
between DFS and the clinicopathological factors revealed
that sex, pStage, CONUT and CNKS were significant
prognostic factors of DFS: men and women, P=0.012; >II
and T, P<0.001; >2 and <1, P=0.021; >4 and <3, P=0.002,
respectively (7able 4). The multivariate analysis showed that
pStage and CNKS were independent predictive factors for
DFS: >II and I, P<0.001; >4 and <3, P=0.012, respectively.

The influence of the CNKS on postoperative survival

As shown in Figure 3C, the high CNKS group had
significantly shorter OS (P=0.003), although the difference
in OS did not reach statistical significance between high
and low CONUT groups (Figure 3D). The univariate
analysis of OS showed that age, sex, smoking status, pStage,
and CNKS were significant prognostic factors of OS: >70
and <70, P=0.010; men and women, P=0.007; ever and
never, P=0.011; >II and I, P=0.017; >4 and <3, P=0.009,
respectively (7able 4). The multivariate analysis revealed
that age, pStage, and CNKS were independent predictive
factors for OS: >70 and <70, P=0.002; >II and I, P=0.015;
>4 and <3, P=0.017, respectively. The ROC curves for 5-year
survival showed that the CNKS had better diagnostic

7 Thorac Dis 2019;11(3):927-935
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Table 3 The characteristics of the CNKS low and high patient groups

Factors CNKS <3 (n=168) CNKS >4 (n=21) P value
Age (years), mean (SD) 66.6 (10.5) 68.7 (8.3) 0.377°
Sex (n) 0.006°
Man (n=113) 95 (56.5%) 18 (85.7%)
Woman (n=76) 73 (43.5%) 3 (14.3%)
Smoking status (n) 0.015°
Never smoker (n=70) 67 (39.9%) 3 (14.3%)
Smoker (n=119) 101 (60.1%) 18 (85.7%)
Pack year, median [range] 17.3 [0-120] 50 [0-125] <0.001°
Performance status (n) 0.238°
0 (n=138) 125 (74.4%) 13 (61.9%)
=1 (n=51) 43 (25.6%) 8 (38.1%)
Pathological stage (n) 0.551°
| (h=145) 130 (77.4%) 15 (71.4%)
=l (n=44) 38 (22.6%) 6 (28.6%)

2 Student’s t test; °, ¥* test; °, Mann-Whitney U test. CNKS, controlling nutritional status/creatine kinase score; SD, standard deviation.
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Figure 2 The relationships between controlling nutritional status/creatine kinase score and (A) men, (B) smoker, and (C) higher pack-year

are shown using graphs.
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Figure 3 Kaplan-Meier curves for disease-free survival according to the (A) controlling nutritional status (CONUT)/creatine kinase score
(CNKS) and (B) CONUT score. Kaplan-Meier curves for overall survival according to the (C) CNKS and (D) CONUT score.

ability than CONUT score (AUC =0.637 and AUC =0.598,
respectively; Figure S1).

Discussion

In the current study, we demonstrated that a novel
prognostic factor, CNKS, was an independent postoperative
prognostic factor, and was even a stronger predictor of
the outcomes than CONUT score alone in patients with
NSCLC. Of note, CNKS was a novel prognostic factor
combining patients’ nutritional status and skeletal muscle
condition. We utilized serum CK as a surrogate of skeletal
muscle mass.

Serum CK is a well-known enzyme widely distributed in
the skeletal muscle, heart, and brain (15). The CK enzyme
catalyzes the conversion of creatine and utilizes adenosine
triphosphate to create phosphocreatine and adenosine
diphosphate, which contributes to energy-providing (15).
According to a previous report, a reduced physical activity
and/or reduced muscle mass could diminish the efflux of
CK into serum (16). As shown in Figure 1B, the serum CK
level under lower limit was significantly associated with
decreased Th12 muscle index, which confirms the results
of the previous reports (16). Thus, we think that CK score

© Journal of Thoracic Disease. All rights reserved.
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would at least partly be a surrogate of SMA.

Regarding the association between the CNKS and
clinicopathological factors, a high CNKS was significantly
related to men, smoker, and higher PY (7able 3). With regard
to the relationship between CNKS and smoking history,
previous meta-analysis indicated that cigarette smoking
was an isolated factor contributing to the skeletal muscle
loss (17). In in vitro analysis, it was also suggested that the
vapor phase cigarette smoke exposure to skeletal myotubes
activates the p38 mitogen-activated protein kinase pathway,
leading to skeletal muscle cell damage and the degradation
of muscle protein (18). In addition, smoking history was
also reported to reduce the nutritional status (19,20).
Thus, smoking history may decrease the serum CK level
and deteriorate the nutritional status, resulting in the high
CNKS. The association between sex and CNKS might
also result from the difference in smoking history between
men and women. It is notable, however, CNKS was an
independent prognostic factor, while the smoking history
was not (Tiable 4). These findings suggest that CNKS may be
important for predicting the treatment outcomes in patients
with NSCLC.

We subsequently compared the utility of CNKS and
CONUT score in predicting the postoperative prognosis.

7 Thorac Dis 2019;11(3):927-935
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Table 4 Univariate and multivariate analyses of disease-free and overall survivals in patients who underwent surgical resection of NSCLC (n=189)

Disease-free survival Overall survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Factors N
HR (95% CI) HR (95% Cl) HR (95% CI) HR (95% Cl)
P value P value P value P value

Age

=70 76 1.27 (0.76-2.09) 2.17 (1.21-3.96) 2.32 (1.28-4.24)

<70 113 0.357 0.010 0.002
Sex

Men 76 1.97 (1.16-3.49) 2.41 (1.27-4.99)

Women 113 0.012 0.007
Smoking

Ever 119 1.67 (0.98-2.96) 2.33 (1.20-4.96)

Never 70 0.069 0.011

Performance status

>1 51 1.42 (0.82-2.39)

0 138 0.194
Pathological stage

>l 44 3.37 (2.02-5.57)
I 145 <0.001

Histological type

3.06 (1.83-5.10)

1.63 (0.88-2.95)
0.011

2.16 (1.16-3.90) 2.21(1.18-4.02)

<0.001 0.017 0.015

1.58 (0.78-2.99)
0.175

1.66 (0.92-2.97)
0.088

Others 39 1.17 (0.61-2.10)

Ad 150 0.610
CONUT

>2 62 1.81 (1.08-2.99)

<1 127 0.021
CNKS

>4 21 2.96 (1.53-5.3)

<3 168 0.002

2.39 (1.22-4.35)
0.012

2.74 (1.31-5.26)
0.009

2.49 (1.19-4.81)
0.017

NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl, confidence interval; Ad, adenocarcinoma; CONUT, controlling nutritional status;

CNKS, controlling nutritional status/creatine kinase score.

As shown in Figure 34,B, the difference in DFS was greater
between high and low CNKS groups than that of CONUT,
and CNKS, but not CONUT, was an independent
predictive factor for DFS and OS (Table 4). In addition,
the ROC curves for 5-year survival suggested that the
CNKS had better diagnostic ability than CONUT score
alone (Figure S1A,B). These findings indicate that CNKS
was a better prognostic index than CONUT score. The

© Journal of Thoracic Disease. All rights reserved.
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difference may be derived from the discrepancy between
serum nutritional index and skeletal muscle formation.
In other words, only serum nutritional status does not
completely reflect whether the nutrition contributed to the
physiological condition. For instance, our previous study
has shown that PNI was not correlated with SMA (R°=0.037;
unpublished data) (10). Thus, not only serum nutritional
status but also skeletal muscle condition may be differently

7 Thorac Dis 2019;11(3):927-935
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associated with the prognosis in cancer patients. These
findings also suggest that future studies should focus on
whether the serum nutrition really improves the patients’
physiological status and the prognostic significance of
combination of nutritional index and skeletal muscle status.

Given the retrospectively analyzed results that patients
with a CNKS >4 had significantly shorter DFS and OS,
it would be important to focus on the clinical impact of
perioperative nutritional intervention and physical activity
on the postoperative outcomes. Although prospective
evidence that nutritional intervention and physical activity
contribute to longer DFS and OS has not been established in
NSCLC patients, substantial evidence has accumulated that
such intervention is a promising cancer treatment (21-24).
With regard to nutritional intervention, previous phase II
clinical trials have already elucidated that administration
of anamorelin, which is an oral ghrelin-receptor agonist,
showed favorable clinical outcomes in patients with various
types of advanced cancer (21). In NSCLC patients, dietary
essential amino acids were reported to prevent skeletal
muscle loss during best supportive care (22). Regarding
physical activity, in patients with colorectal cancer, clinical
impact of physical exercise on cancer recurrence and
survival has been reported (23). Thus, it could safely be
said that nutritional intervention and encouraging physical
activity would be important at taking care of perioperative
NSCLC patients, especially those with a CNKS >4.

The present study had some limitations. First, this is
a single institutional study with a comparatively small
sample size. Our study was also associated with the bias
of retrospective nature. We think that further prospective
study with a larger sample size is imperative to validate the
findings observed in the current study. Second, we used the
SMA at the Th12 level for the analysis of skeletal muscle
mass. Prado et al. reported that the SMA at the L3 level was
appropriate for predicting the prognosis in cancer patients (5).
However, our previous study elucidated a correlation
between the SMA at the Th12 level and that at the L3
level (R’=0.360, P<0.001; unpublished data). We believe it
was reasonable to use the values at the Th12 level to assess
the SMA. Third, we defined the CNKS score in our own
way, including the balance of CONUT and CK scores.
In addition, the cut-off value of CNKS was determined
based on the survival data of our study cohort. Thus, it is
unknown whether CNKS is the best way of combination
of nutritional status and skeletal muscle index. However, it
should be emphasized that the combination of nutritional
and skeletal muscle indices seemed to be more useful in
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predicting the outcomes than the nutritional status alone.
Future studies may need to focus on the combination
indices of nutritional status and skeletal muscle index.

In conclusion, the CNKS was a novel independent
prognostic factor in patients with NSCLC. The utility of
CNKS seemed to be even stronger than CONUT alone
in predicting the postoperative outcomes. Future studies
should focus on the combination indices of nutritional index
and skeletal muscle status.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

Ethical Statement: The institutional review board of Kyushu
University (Fukuoka, Japan) approved this study (IRB No.
29-259).

References

1. Torre LA, Bray F, Siegel RL, et al. Global cancer statistics,
2012. CA Cancer J Clin 2015;65:87-108.

2. Ettinger DS, Akerley W, Bepler G, et al. Non-small cell
lung cancer. ] Natl Compr Canc Netw 2010;8:740-801.

3. Kawaguchi T, Takada M, Kubo A, et al. Performance
status and smoking status are independent favorable
prognostic factors for survival in non-small cell lung
cancer: a comprehensive analysis of 26,957 patients with
NSCLC. J Thorac Oncol 2010;5:620-30.

4.  Demark-Wahnefried W, Rais-Bahrami S, Desmond RA,
et al. Presurgical weight loss affects tumour traits and
circulating biomarkers in men with prostate cancer. Br J
Cancer 2017;117:1303-13.

5. Prado CM, Lieffers JR, McCargar L], et al. Prevalence
and clinical implications of sarcopenic obesity in patients
with solid tumours of the respiratory and gastrointestinal
tracts: a population-based study. Lancet Oncol
2008;9:629-35.

6. SuzukiY, Okamoto T, Fujishita T, et al. Clinical
implications of sarcopenia in patients undergoing complete
resection for early non-small cell lung cancer. Lung
Cancer 2016;101:92-7.

7. Kudou K, Saeki H, Nakashima Y, et al. Prognostic

7 Thorac Dis 2019;11(3):927-935



Journal of Thoracic Disease, Vol 11, No 3 March 2019

10.

11.

12.

13.

14.

15.

Significance of Sarcopenia in Patients with
Esophagogastric Junction Cancer or Upper Gastric
Cancer. Ann Surg Oncol 2017;24:1804-10.

Nakashima Y, Saeki H, Nakanishi R, et al. Assessment

of Sarcopenia as a Predictor of Poor Outcomes After
Esophagectomy in Elderly Patients With Esophageal
Cancer. Ann Surg 2018;267:1100-4.

Harimoto N, Yoshizumi T, Shimokawa M, et al.
Sarcopenia is a poor prognostic factor following hepatic
resection in patients aged 70 years and older with
hepatocellular carcinoma. Hepatol Res 2016;46:1247-55.
Shoji F, Morodomi Y, Akamine T, et al. Predictive impact
for postoperative recurrence using the preoperative
prognostic nutritional index in pathological stage I non-
small cell lung cancer. Lung Cancer 2016;98:15-21.
Akamine T, Toyokawa G, Matsubara T; et al. Significance
of the Preoperative CONU'T Score in Predicting
Postoperative Disease-free and Overall Survival in Patients
with Lung Adenocarcinoma with Obstructive Lung
Disease. Anticancer Res 2017;37:2735-42.

Takamori S, Toyokawa G, Taguchi K, et al. The
Controlling Nutritional Status Score Is a Significant
Independent Predictor of Poor Prognosis in Patients
With Malignant Pleural Mesothelioma. Clin Lung Cancer
2017;18:¢303-13.

Toyokawa G, Kozuma Y, Matsubara T, et al. Prognostic
impact of controlling nutritional status score in
resected lung squamous cell carcinoma. ] Thorac Dis
2017;9:2942-51.

Shoji F, Haratake N, Akamine T et al. The Preoperative
Controlling Nutritional Status Score Predicts Survival
After Curative Surgery in Patients with Pathological
Stage I Non-small Cell Lung Cancer. Anticancer Res
2017;37:741-7.

Van de Moortel L, Speeckaert MM, Fiers T, et al.

Cite this article as: Takamori S, Toyokawa G, Shimokawa M,
Kinoshita F, Kozuma Y, Matsubara T, Haratake N, Akamine
T, Hirai F, Tagawa T, Oda Y, Maehara Y. A novel prognostic

marker in patients with non-small cell lung cancer: musculo-

immuno-nutritional score calculated by controlling nutritional
status and creatine kinase. ] Thorac Dis 2019;11(3):927-935. doi:
10.21037/jtd.2019.01.76

© Journal of Thoracic Disease. All rights reserved.

16.

17.

18.

19.

20.

21.

22.

23.

24.

jtd.amegroups.com

935

Low serum creatine kinase activity is associated with
worse outcome in critically ill patients. J Crit Care
2014;29:786-90.

Rosalki SB. Low serum creatine kinase activity. Clin Chem
1998;44:905.

Steffl M, Bohannon RW, Petr M, et al. Relation between
cigarette smoking and sarcopenia: meta-analysis. Physiol
Res 2015;64:419-26.

Rom O, Kaisari S, Aizenbud D, et al. Involvement of E3
Ubiquitin ligases in Cigarette Smoke associated muscle
catabolism. Free Radic Biol Med 2014575 Suppl 1:S5.
Shiozawa N, Hayashimoto K, Suzuki E, et al. Lung
function and blood markers of nutritional status in non-
COPD aging men with smoking history: a cross-sectional
study. Int ] Chron Obstruct Pulmon Dis 2010;5:233-40.
Gariballa S, Forster S. Effects of smoking on nutrition
status and response to dietary supplements during acute
illness. Nutr Clin Pract 2009;24:84-90.

Garcia JM, Boccia RV, Graham CD, et al. Anamorelin for
patients with cancer cachexia: an integrated analysis of two
phase 2, randomised, placebo-controlled, double-blind
trials. Lancet Oncol 2015;16:108-16.

Engelen MP, Safar AM, Bartter T, et al. High anabolic
potential of essential amino acid mixtures in advanced
nonsmall cell lung cancer. Ann Oncol 2015;26:1960-6.
Meyerhardt JA, Heseltine D, Niedzwiecki D, et al. Impact
of physical activity on cancer recurrence and survival in
patients with stage III colon cancer: findings from CALGB
89803. J Clin Oncol 2006;24:3535-41.

Ryan AM, Reynolds JV, Healy L, et al. Enteral nutrition
enriched with eicosapentaenoic acid (EPA) preserves lean
body mass following esophageal cancer surgery: results of
a double-blinded randomized controlled trial. Ann Surg
2009;249:355-63.

7 Thorac Dis 2019;11(3):927-935



Supplementary

A 10 1.0 .
09- 09-
0.8 o
0.7 4 0.7 —
2 06 2z 06" //
= = )
£ 05 £ 05
5 &
3 04 & 04
03 03
02 0.2
AUC : AUC
0.1 0.637 0.1 0.598
0.0 0.0

LA L A R A PR FRN Y PR I T
0 0.1 020304 050.60.708 09 1.0
1-specificity

L e B L s A N
0 0.1020304 0506 070809 1.0
1-specificity
Figure S1 The receiver operating characteristic curves of (A) controlling nutritional status (CONUT)/creatine kinase score (CNKS) and (B)
CONUT score for 5-year survival are shown. The areas under the curve of CNKS and CONUT score were calculated as 0.637 and 0.598,

respectively.



