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Abstract
Background Several studies have examined the Control-
ling Nutritional Status (CONUT) score, which is a
screening tool for nutritional status and an effective

biomarker for patient survival after cancer treatment.
However, its role in soft-tissue sarcoma (STS) remains
unknown. Because of the lack of predictive markers for
survival in patients with STS, we aimed to determine the
CONUT score’s association with survival.
Questions/purposes (1) Is there a relationship between the
CONUT score and clinicopathologic characteristics such
as tumor size, tumor location, pathological grade, and ad-
vanced stage based on the American Joint Committee on
Cancer (AJCC) guidelines? (2) Is the CONUT score as-
sociated with disease-free survival (DFS) and overall sur-
vival (OS) in patients treated surgically for STS, even when
compared with other systemic inflammatory response
markers?
Methods Between 1999 and 2016, 769 patients underwent
R0 resection for STS at our institution. Adequate medical
records and available followup data were required for in-
clusion in this study. Exclusion criteria were synchronous
inflammatory diseases, unplanned excision, and neo-
adjuvant therapy. There were 658 patients (86%) who
fulfilled all criteria. The minimum followup time was
24 months (median, 103 months; range, 61-147 months).
The median age of the patients was 43 years (range, 5-85
years), and 265 patients (40%) were women. All patients
had Stage I to IV tumors according to the 8th edition of the
AJCC staging system. The grade classification was de-
termined to be G1 in 130 patients (20%), G2 in 304 (46%),
and G3 in 201 (31%). The CONUT score was calculated
based on the serum albumin concentration, total
peripheral lymphocyte count, and total cholesterol con-
centration. The score ranged from 0 to 12, with higher
scores indicating worse nutritional status. The patients
were classified into two groups according to a receiver
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operating characteristic curve analysis: the high ($ 2) and
low (0 or 1) CONUT score groups. There were 435 patients
in the low CONUT score group and 223 in the high
CONUT score group. We tested for an association between
the CONUT scores and gender, age, tumor diameter, tumor
depth, tumor grade, and AJCC stage using the chi-square
and Fisher’s exact methods.We also compared the strength
of the association between postoperative survival and the
CONUT scores, neutrophil-to-lymphocyte ratio (NLR),
and platelet-to-lymphocyte ratio (PLR) using multivariate
Cox proportional hazard model analyses.
Results High CONUT scores were associated with large
tumor size (odds ratio [OR], 1.47; 95% CI, 1.06-2.04; p =
0.020), deep tumor location (OR, 1.66; 95% CI, 1.17-2.36;
p = 0.004), high tumor grade (OR, 2.54; 95%CI, 1.56-4.14;
p = 0.001), and advanced AJCC stage (OR, 1.86; 95% CI,
1.14-3.02; p < 0.001). The low CONUT score group
exhibited a higher 5-year OS rate and longer OS than the
high CONUT score group (82% versus 65%; odds ratio,
2.45; 95% CI, 1.27-4.72; p < 0.001; 81 versus 64 months,
Z = -2.56; p < 0.001). Amultivariate analysis indicated that
an elevated CONUT score was an independent predictor of
OS (hazard ratio [HR], 1.86; 95% CI, 1.47-4.14; p < 0.001)
and DFS (HR, 1.63; 95% CI, 1.26-2.11; p < 0.001), but the
NLR and PLR were not. In an individual subgroup anal-
ysis, the CONUT scores were associated with OS and DFS
in the tumor diameter (< 5 or $ 5 cm) subgroup, tumor
depth (superficial or deep) subgroup, tumor grade (G1 and
G2) subgroup, and AJCC stage (I/II or III/IV) subgroup,
but not in the G3 subgroup (p = 0.051 and p = 0.065).
Conclusion High CONUT scores were independently as-
sociated with aggressive tumor behavior and unfavorable
survival for patients with low-grade, but not high-grade,
resected STS. If these findings can be substantiated in
larger studies, the CONUT score might be useful for pre-
dicting survival and help to develop new treatment strate-
gies for nutrition interventions.
Level of Evidence Level III, therapeutic study.

Introduction

Soft-tissue sarcomas (STS) are rare and heterogeneous
malignant neoplasms originating from mesenchymal cells
[15]. Surgical resection or amputation is the cornerstone
treatment of local or regional STS, and chemotherapy and
radiation therapy are widely used as adjuvant and palliative
approaches [4]. Despite improvements in the diagnosis and
treatment of STS, the survival of these patients remains
poor, especially for those with high-grade sarcomas [3, 10].
As such, it is important to find readily available clinical
tools, aside from the operative and pathologic ones, to
improve the patient’s prognosis and better plan in-
dividualized treatment strategies.

Some inflammation- and nutrition-related predictive
factors, including the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), high-sensitivity
modified Glasgow prognostic score, and prognostic nutri-
tional index have been proposed as promising prognostic
factors in patients with various malignancies [7, 16, 20, 22,
29, 30]. The Controlling Nutritional Status (CONUT) score,
which is calculated based on the serum albumin concentra-
tion, total peripheral lymphocyte count, and total cholesterol
concentration, was developed as a screening tool for the
early detection of poor nutritional status [18, 23]. Serum
albumin, as a chronic-phase protein, is currently considered
an indicator of nutritional and inflammatory status. A low
serum albumin level has been found to reduce the patient’s
tolerance of treatment toxicities, subsequently resulting in a
poorer prognosis [14, 17]. Lymphocytes have a key role in
the immune response to tumor defense by inducing cyto-
toxic cell death and inhibiting tumor cell proliferation and
migration [5, 6], reflecting the homeostasis between cancer
progression and antitumor activity [19, 28]. As an essential
component of cell membranes, total cholesterol is involved
in various intracellularmetabolism pathways and is regarded
as an indicator of a patient’s caloric reserves [2]. Thus, the
CONUT score could reflect not only the nutritional status,
but also the systemic inflammation and immune response
[11]. Recently, the CONUT score has been reported to be a
simple and convenient tool to predict the survival of patients
with esophageal [26], pancreatic [12], gastric [13], and he-
patocellular cancer [8]. However, to our knowledge, the
association between clinicopathologic features and the
CONUT score as well as the potential importance of this
score with respect to survival in patients with STS has not
yet been reported.

We therefore asked the following questions: (1) Is
there a relationship between the CONUT score and clini-
copathologic characteristics such as tumor size, tumor lo-
cation, pathological grade, and advanced stage based on the
American Joint Committee on Cancer (AJCC) guidelines?
(2) Is the CONUT score associated with disease-free sur-
vival (DFS) and overall survival (OS) in patients treated
surgically for STS, even when compared with other sys-
temic inflammatory response markers?

Patients and Methods

Patients and Tumor Characteristics

Between January 1999 and July 2016, 769 patients un-
derwent R0 resection for STS at our institution. R0 was
defined as the microscopic absence of malignant cells at the
resection margin. Seventy-seven of the 769 patients (10%)
were lost to followup. Patients with deficient medical
records (five patients) and synchronous inflammatory
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diseases (five patients with active hepatitis, Crohn’s dis-
ease, and primary sclerosing cholangitis) were excluded.
Other patients were excluded because they had neo-
adjuvant therapy (13 patients) or additional resection after
previously undergoing an unplanned excision (11
patients). The minimum followup time was 24 months
(median, 103 months; range, 61-147 months). No patients
were recalled specifically for this study, and all data were
obtained from medical records. Finally, 658 patients were
analyzed (Fig. 1).

This study was approved by the institutional review
board of our institution, the ethics committee decided that
obtaining informed consent was unnecessary, and all in-
formation was anonymous.

The median age of the patients was 43 years (range,
5-85 years), and there were 393 men and 265 women in a
1.5 to 1 ratio. The different pathologic tumor subtypes
were undifferentiated pleomorphic sarcoma (n = 149,
23%), fibrosarcoma (n = 151, 23%), liposarcoma (n = 91,
14%), and synovial sarcoma (n = 77, 12%). The tumor
depth was defined as superficial in 235 patients and deep
in 423. The grade classification was determined as G1,
G2, and G3 in 130 (20%), 304 (46%), and 201 (31%)
patients, respectively, according to the French Federation
of Cancer Centers Sarcoma Group’s grading system [21].
The clinical stage was determined based on the recom-
mendations of the AJCC, 8th Edition [1]. Most sarcomas
were Stage II or III (in 233 [35%] and 207 [32%] patients,
respectively), and 133 (20%) and 12 (2%) patients had
Stages I and IV disease, respectively. The stage of intra-
abdominal disease was classified as unknown because a
staging system for intraabdominal sarcomas is unavail-
able. Ninety-six (15%) patients received an adjuvant
(postoperative) therapy, including chemotherapy (mostly
doxorubicin-based combination chemotherapy), radio-
therapy, or chemoradiotherapy. Two hundred fifty (38%)
patients had local relapse, 94 (14%) had a metastasis, and
174 (26%) died at the last followup. For the entire cohort,
the 5-year OS and DFS rates were 76.6% and 57.4%,
respectively (Table 1).

Clinical Data Collection and the CONUT Score

Laboratory data including the total lymphocyte, neu-
trophil, and platelet counts; total cholesterol; and other
basic hematologic parameters were obtained within
1 week before surgical resection. Clinical information
such as age at the time of surgery, treatment plan, and
histopathologic diagnosis was collected from our elec-
tronic medical record system. The NLR was obtained by
dividing the neutrophil count by the lymphocyte count.
The PLR was obtained by dividing the platelet count by
the lymphocyte count. The high-sensitivity modified

Glasgow prognostic score was determined as previously
described [24]. The CONUT score was also calculated
(see Table, Supplemental Digital Content 1, http://links.
lww.com/CORR/A184) [11]. The score ranges from 0 to
12, with higher scores indicating a worse nutritional
status. The CONUT score was 0, 1, and 2-12 in 227
(35%), 208 (32%), and 223 (34%) participants,
respectively (Table 1).

Fig. 1 This flowchart shows the exclusion criteria for our pa-
tient cohort.
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Determination of Cutoff Values

The most-appropriate cutoff value was 2.51 for the NLR,
164.5 for the PLR, and 2 for the CONUT score in a receiver
operating characteristic curve analysis. All patients were
categorized into the high CONUT score group (score$ 2,
n = 223, 34%) or low CONUT score group (score = 0 or 1,
n = 435, 66%).

Patient Followup

All patients were routinely examined every 3-4 months in
the first 2 years after surgery, every 6 months for the next 3
years, and annually thereafter via outpatient visits or tele-
phone interviews via an independent followup program. The
final survival followup time was considered the latest fol-
lowup date of this study (July 1, 2018) or death. OS was
defined as the time between the initial surgery and death of
any cause or the last followup, while DFSwas defined as the
time from the initial surgery until recurrence or metastasis.

Statistical Analysis

General characteristics are expressed as a number (%), and
variables for each groupwere compared using the chi-square
test, Fisher’s exact test for categorical data, or the Mann-
Whitney U test for continuous variables. The optimal cutoff
point was determined by themaximumYouden index, based
on the receiver operating characteristic curve analysis. Sur-
vival curves were analyzed with the Kaplan-Meier method
and were compared using the log-rank test. The correlation
between tumor size, tumor depth, tumor grade, AJCC stage,
NLR, PLR, and the CONUT score and DFS and OS were
evaluated with univariate and multivariate analyses. Prog-
nostic variables associated with OS and DFS that were
significant in the univariate analyses were selected for
multivariate Cox proportional hazard model analyses using
the forward stepwisemethod. Hazard ratios (HRs) estimated
from the Cox analysis were reported as relative risks with
their corresponding 95% CIs. A p value less than 0.05 was
considered statistically significant. All analyses and visual-
izations were performed using the SPSS software, version
20.0 (SPSS Inc., Chicago, IL, USA).

Results

Correlation Between the CONUT Score and
Clinicopathologic Characteristics

A high CONUT score was associated with a large tumor
size (OR, 1.47; 95% CI, 1.06-2.04; p = 0.020), deep tumor

location (OR, 1.66; 95% CI, 1.17-2.36; p = 0.004),
high tumor grade (OR, 2.54; 95%CI, 1.56-4.14; p = 0.001),
advanced AJCC stage (OR, 1.86; 95% CI, 1.14-3.02;
p < 0.001), elevated NLR (OR, 5.48; 95% CI, 3.38-7.83;
p < 0.001), elevated PLR (OR, 6.67; 95% CI, 4.44-10.02;
p < 0.001), and worse survival (p < 0.001) (Table 2).

Survival Analysis

The low CONUT score group exhibited a higher 5-year OS
rate and longer OS than the high CONUT score group did
(82% versus 65%; OR, 2.45; 95% CI, 1.27-4.72; p = 0.006;
81 versus 64 months; Z = -2.56; p < 0.001) (Fig. 2A). After
controlling for potentially confounding variables such as
gender, age, and tumor size,we found that theCONUT scores
(HR, 1.86; 95% CI,1.32-2.61; p < 0.001) were independently
associatedwithOS. In addition, the tumor depth, tumor grade,
and AJCC stage were identified as independent predictors of
OS, but the NLR and PLR were not (Table 3). Patients with
low CONUT scores had a median DFS period of
48.5 months, whereas those with high CONUT scores had a
median DFS period of 24.1 months (Fig. 2B). The incidence
of local recurrence or metastatic disease in the low CONUT
score group (158 of 435 patients, 36%) was lower than that in
the high CONUT score group (123 of 223 patients, 55%)
(OR, 0.46; 95% CI, 0.33-0.64; p < 0.001). An elevated
CONUT score (HR, 1.63; 95% CI, 1.26-2.11; p < 0.001), but
not the PLR or NLR, was independently associated with
decreased DFS after controlling for confounding variables
such as patient gender, age, tumor size, and AJCC stage
(Table 4). In individual subgroup analyses, the CONUT
scores were associated with OS and DFS in the < 5 cm sub-
group (p < 0.001 and p = 0.005, respectively), $ 5 cm sub-
group (both p < 0.001), superficial subgroup (p = 0.021 and
p = 0.035, respectively), deep subgroup (both p < 0.001), G1
andG2 subgroup (both p < 0.001), early Stage I + II subgroup
(p < 0.001 and p = 0.001, respectively), and advanced Stage
III + IV subgroup (p = 0.006 and p = 0.007, respectively), but
not in theG3 subgroup (p = 0.051 and p= 0.065, respectively)
(Fig. 3 A-H and Fig. 4 A-H).

Discussion

Some studies have indicated that an elevated CONUT
score is correlated with poor survival in patients with
various types of cancers [8, 12, 13, 25]. However, little is
known about the association between the CONUT score
and the clinocopathologic features of STS and the outcome
of patients with it. Therefore, we assessed the potential of
the CONUT score to predict survival and its relationship
with disease severity in patients with STS who underwent
R0 resection.
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The limitations of this study were as follows: first, the
retrospective design could have resulted in transfer bias
(that is, loss to followup) and selection bias (clinical de-
cision by surgeons based on nutritional status). This may
have led to an overrated ‘‘true’’ DFS and OS, to a certain
extent, because some of the patients who were lost to fol-
lowup may have been sicker because of a more-aggressive
disease phenotype and thus may have had a higher risk of
recurrence and/or death. Although these may have caused
subtle differences, we were able to confirm that there were
no differences between the patients who were and were not
included in terms of gender, age, or the CONUT score, and
consecutive patients were selected to reduce the possible
effects of selection bias. Second, the heterogeneity in data
may have caused some biases. Although there were small
numbers of patients with abdominal or retroperitoneal
sarcomas (n = 71, 11%)—which may have influenced the
patients’ appetite and nutritional status—and patients with
an initial diagnosis of metastatic disease but had complete
resection of primary and metastatic sarcomas simulta-
neously, these patients were also included in the final
analyses (n = 12, 2%) because we wanted to investigate the
relationship between the CONUT score and the survival of
patients in these two groups of patients. Because their in-
clusion in the final analyses may have affected both the
CONUT score and survival, to a certain extent, we believe
that these biases, which had similar strength, would not
substantially influence the observations of this study.

Third, because of the low incidence of STS, the sample
size was not large enough to establish a validation group to
further verify the observed findings of this study. There-
fore, our data must be regarded as preliminary, and the
subgroup analyses should be interpreted with caution. We

were unable to investigate the effects of adjuvant therapy
(n = 96, 15%) on survival in this study because few patients
underwent chemotherapy and/or radiotherapy. Some other
indicators, including the prognostic nutritional index and
high-sensitivity modified Glasgow prognostic score, were
not further explored because of incomplete data owing to
the 17-year retrospective span. However, we consider our
results meaningful as a pilot study. Fourth, cause-specific
mortality was not included because only the dates of death,
not death certificates, were available. This could potentially
bias our OS results because patients could have died of
nontumoral causes. This may help to explain the discrep-
ancies observed in our data regarding some patients with
Stage I sarcomas who died during the followup period but
did not have metastatic disease. Finally, our participants
were limited to one population drawn from an urban area of
China and all surgeries were performed in a single in-
stitution. Therefore, the investigated patients’ character-
istics and the study results may not be generalizable to
other populations. Despite these limitations, our study was
based on a large and heterogeneous group of patients, and
as such, the conclusions postulated remain highly
plausible.

In our study, we found that an increased CONUT score
was associated with a large tumor size, high tumor grade,
and advanced AJCC stage, suggesting that a higher
CONUT score correlates with a more-aggressive disease
phenotype and with more severe disorders in patients with
STS. Consistent with our study, Kuroda et al. [13] found
that a higher CONUT score was associated with older age,
lower BMI, deeper invasion, higher serum carcinoem-
bryonic antigen level, and higher serum carbohydrate an-
tigen 19-9 level in patients with gastric cancer. They

Fig. 2 Kaplan-Meier curves show the (A) OS and (B) DFS of patients with STS based on the CONUT scores.
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Fig. 3 Kaplan-Meier curves show the OS based on the CONUT score in the (A) < 5 cm subgroup;
(B) $ 5 cm subgroup; (C) superficial subgroup; (D) deep subgroup; (E) G1-2 subgroup; (F) G3
subgroup; (G) Stage I + II subgroup; and (H) Stage III + IV subgroup.
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Fig. 4 Kaplan-Meier curves show the DFS based on the CONUT score in the (A) < 5 cm sub-
group; (B)$ 5 cm subgroup; (C) superficial subgroup; (D) deep subgroup; (E) G1-2 subgroup; (F)
G3 subgroup; (G) Stage I + II subgroup; and (H) Stage III + IV subgroup.
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demonstrated that a high CONUT score was associated
with tumor progression. Therefore, because it is cost-
effective and easily assessable, the CONUT score may
have important implications for individualized treatment
and surveillance. Our findings suggest that clinicians
should be cautious when considering surgery in patients
with malnutrition who have an elevated preoperative
CONUT score. These patients may be considered for more
extensive resection and closer followup, rather than mar-
ginal resection, and may be considered for additional
neoadjuvant therapy or more intense adjuvant chemother-
apy to reduce the risk of recurrence.

Furthermore, after controlling for likely confounding
variables, we found that the CONUT score was in-
dependently associated with OS and DFS, but the NLR and
PLR were not. Similar to our findings, a study by Toyo-
kawa et al. [26] indicated that the CONUT score was su-
perior to the NLR and PLR and was associated with the OS
of patients with resectable squamous cell carcinomas of the
thoracic esophagus. In addition, two other studies have
shown that the NLR and PLRwere ineffective at predicting
the survival of patients with cancer [9, 27], indicating that
the predictive role of the NLR and PLR in patients with
cancer requires further investigation. The NLR and PLR
should be assessed alongside other markers because of the
confounding factors introduced by inflammatory con-
ditions. In our study, patients with a high CONUT score
had shorter DFS and OS than patients with a low CONUT
score did. In the high CONUT score group, the risk of death
was 1.86 times higher than that in the low CONUT score
group. This may help surgeons identify patients with STS
who are at a higher risk of not surviving after surgery be-
fore those patients undergo surgery. However, in the sub-
group analysis, we were unable to show a relationship
between the CONUT score and OS and DFS in the G3
subgroup, suggesting that the CONUT score is associated
with survival in patients with low-grade tumors, but not in
those with high-grade sarcomas. A possible explanation is
that G3 represents biologically aggressive STS. Patients
with G3 tumors tend to have larger tumors that are in an
anatomically unfavorable location or they have highly in-
filtrative tumors, whichmay explain the worse DFS andOS
and diminished impact of the CONUT score. Moreover, we
found that the tumor depth, which was excluded in the
AJCC staging system, 8th Edition, was independently as-
sociated with OS and DFS, and that it could be a risk
stratification tool for STS staging.

In conclusion, the present study provides the first evi-
dence that the CONUT score was independently associated
with DFS and OS in patients with low-grade STS if the
tumor could be completely resected. Moreover, compared
with the NLR and PLR, the CONUT demonstrated a closer
relationship with the severity of STS based on our study
population. The CONUT score might be a useful adjunct to

counseling patients on their prognosis and guiding treat-
ment options. If substantiated in a larger prospective study,
the observations from this pilot study might provide the
rationale to enhance perioperative nutrition support as a
potential therapeutic protocol.
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