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Abstract

Purpose The Controlling Nutritional Status (CONUT) Score, originally developed as a nutritional screening tool, is a cumu-
lative score calculated from the serum albumin level, total cholesterol level, and total lymphocyte count. Previous studies
have demonstrated that the score has significant prognostic value in various malignancies. We investigated the relationship
between the CONUT score and long-term survival in obstructive colorectal cancer (OCRC) patients who underwent self-
expandable metallic colonic stent placement and subsequently received curative surgery.

Methods We retrospectively analyzed 57 pathological stage II and III OCRC patients between 2013 and 2019. The associa-
tions between the preoperative CONUT score and clinicopathological factors and patient survival were evaluated.

Results A receiver operating characteristic curve analysis revealed that the optimal cut-off value for the CONUT score was
7. A CONUT score of > 7 was significantly associated with elevated CA19-9 level (p =0.03). Multivariate analyses revealed
that a CONUT score of > 7 was independently associated with cancer-specific survival (hazard ratio [HR]=10.2, 95% con-
fidence interval [CI] 1.2-85.9, p=0.03) and disease-free survival (HR="7.1, 95% CI 2.3-21.7, p =0.0006).

Conclusion The results demonstrated that the CONUT score was a potent prognostic indicator. Evaluating the CONUT score
might result in more precise patient assessment and tailored treatment.
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Introduction

It has been increasingly recognized that nutritional status
and systemic inflammatory response affect cancer pro-
gression. Malnutrition manifested as hypoalbuminemia is
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associated with poor long-term outcomes [1], and inflam-
mation is considered one of the hallmarks of cancer [2]. The
Controlling Nutritional Status (CONUT) Score, originally
developed as a nutritional screening tool, is a cumulative
score calculated from the serum albumin level, total choles-
terol level, and total lymphocyte count. The score is easily
calculated and was found to be significantly associated with
the Subjective Global Assessment (SGA) and Full Nutri-
tional Assessment (FNA) [3]. Moreover, it was demonstrated
to be associated with the prognosis and postoperative com-
plications in a variety of malignancies [4—8].

Intestinal obstruction is one of the common present-
ing symptoms of colorectal cancer, with an incidence as
high as 30% [9]. Obstructive colorectal cancer (OCRC)
accounted for 85% of colonic emergency cases [10], which
often required multiple-stage surgery accompanying high
morbidity and stoma rate. Intestinal decompression using a
self-expandable metallic colonic stent (SEMS) as “a bridge
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to surgery (BTS)” is now considered as an attractive alter-
native. Decompression allows bowel preparation, medical
stabilization with correction of dehydration and electro-
lyte abnormalities, and optimization of comorbid illnesses,
which theoretically improves the patient’s nutritional and
inflammatory status. It enables elective one-stage surgery
with reduced morbidity and stoma rate compared to emer-
gency surgery [11, 12]. Out of concern for short-term com-
plications and long-term survival, SEMS was originally used
with palliative intent [13] but has recently been used as a
bridge to curative surgery.

The significant prognostic value of the CONUT score was
demonstrated in colorectal cancer patients who underwent
surgery [14-18] and those who received first-line chemo-
therapy [19]. However, the prognostic significance of the
CONUT score in OCRC patients was unknown. Thus, in
the present study, we investigated the prognostic value of
the CONUT score in OCRC patients who underwent SEMS
placement and subsequently received curative surgery.

Methods

We retrospectively analyzed 75 consecutive patients with
pathological stage II and III OCRC who underwent SEMS
placement as BTS at Sendai City Medical Center between
2013 and 2019. The patients had total or subtotal malignant
colonic obstruction characterized by the following symptoms
and findings: (1) obstructive symptoms, such as abdominal
pain, fullness, vomiting, and constipation; (2) contrast-
enhanced CT findings of colorectal tumor with dilation of
the proximal bowel; and (3) severe stricture or obstruction
demonstrated by contrast enema and colonoscopy. Patients
were excluded if there were signs of peritonitis, perforation,
or other serious complications demanding urgent surgery.
Patients with benign disease, distant metastasis, positive sur-
gical margin, and invasion from a non-colonic malignancy
were excluded from the study. There were no patients with
chronic inflammation. None of the patients received neoad-
juvant chemoradiation therapy.

The severity of obstruction was evaluated using the Colo-
Rectal Obstruction Scoring System (CROSS), which assigns
a point score based on the patient’s oral intake level (Online
Resource 1): CROSS 0, requiring continuous decompres-
sion; CROSS 1, no oral intake; CROSS 2, liquid or enteral
nutrient intake; CROSS 3, soft solids, low-residue, and full
diet with symptoms of stricture; and CROSS 4, soft solids,
low-residue, and full diet without symptoms of stricture
[20].

All patients subsequently underwent curative surgi-
cal resection. Postoperative complications were classified
according to the Clavien—Dindo classification [21]. Patho-
logical tumor staging was performed according to the AJCC

cancer staging manual (7th edition) [22]. Colonic lesions
proximal to the splenic flexure were defined as right-sided
tumors.

The primary endpoint of the study was the long-term
outcomes, which were defined as cancer-specific survival
(CSS), and disease-free survival (DFS). CSS was measured
from the date of the surgery to the date of death from recur-
rent cancer, and DFS was measured from the date of the
surgery to the date of disease recurrence.

Laboratory tests were performed between stenting and
surgery, and the CONUT score was calculated using the
serum albumin concentration, peripheral lymphocyte count,
and total cholesterol concentration (Online Resource 2).
(1) Albumin concentrations of >3.5, 3.0-3.49, 2.5-2.99,
and <2.5 g/dL were scored as 0, 2, 4, and 6 points, respec-
tively; (2) total lymphocyte counts of > 1600, 1200-1599,
800—1199, and < 800/mm? were scored as 0, 1, 2, and 3
points, respectively; and (3) total cholesterol concentrations
of > 180, 140-179, 100-139, and < 100 mg/ dL. were scored
as 0, 1, 2, and 3 points, respectively. The CONUT score was
defined as the sum of (1), (2), and (3) [3].

Continuous variables were presented as the mean + SD
and were tested using Student’s 7 test. Associations between
the CONUT score and clinicopathological parameters were
evaluated in a cross-table using Fisher’s exact test. The cut-
off value was determined using a receiver operating charac-
teristic (ROC) curve analysis using CSS as an end-point. The
cut-off value was defined using the most prominent point on
the ROC curve (Youden index =maximum [sensitivity-(1-
specificity)]), and the area under the ROC (AUROC) curve
was also calculated.

Survival curves were generated according to the
Kaplan—Meier method and were analyzed by a log-rank
test. A multivariate analysis was performed using a Cox pro-
portional hazards model. Factors shown to have a p-value
of <0.1 in the univariate analysis were included in the mul-
tivariate analysis. The 7 stage, N stage, venous invasion, and
lymphatic invasion were incorporated into the analysis as
potential confounding variables.

All statistical analyses were performed using EZR
(Saitama medical center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R
Foundation for Statical Computing, Vienna, Austria); and
P values of <0.05 were considered to indicate statistical
significance [23].

Results
During the study period, there were 91 patients with patho-
logical stage II and III OCRC who received curative sur-

gery (Fig. 1). Eighty-two patients underwent elective surgery
after endoscopic decompression. Among them, 75 patients
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Fig. 1 Flow chart of the study population. OCRC obstructive colorec-
tal cancer, TDT transanal decompression tube, SEMS self-expandable
metallic colonic stent

underwent SEMS placement, and the remaining 7 patients
were treated with a transanal decompression tube (TDT).
Nine patients underwent emergency surgery including one
patient with SEMS failure. Perforation occurred during
guidewire manipulation for an 85-year-old female patient
with transverse colon cancer who underwent Hartmann’s
procedure in an emergent setting. Stenting-related complica-
tions were observed in two cases. One patient complained
of mild abdominal pain after SEMS insertion and another
patient with inadequate drainage required insertion of a TDT
for additional drainage. In SEMS insertion, the technical
success (defined as correct placement) and clinical success
(defined as resolution of occlusive symptoms) rates were
98.7% and 97.4%, respectively.

We attempted endoscopic decompression whenever pos-
sible, and decompression modality was chosen after discus-
sion between the surgeon and endoscopist. Our institute
introduced SEMS in 2013, and we have seen a moderate
shift from TDT to SEMS since then. For lower rectal cancer,
we prefer using TDT to avoid distal migration of the SEMS
and interference with the transaction of the distal rectum.
We did not insert SEMSs around the ileocecal valve due to
technical difficulty and safety concerns. There were six such
cases in the present series.

Among 75 SEMS cases, 57 cases were deemed eligible
for inclusion in the present study, as all preoperative data
necessary for calculating the CONUT score were avail-
able. The median interval between blood sampling and
surgery was 1 day (range, 1-19 days). The characteristics
of the 57 patients are summarized in Table 1. There were
34 men and 23 women. The mean age of the patients was
72.2 years (range, 37-90 years), and the median follow-
up time was 26 months (range, 1-83). The CROSS clas-
sifications of the patients were as follows: CROSS 0, 33
patients (57.9%); CROSS 1, 7 patients (12.3%); CROSS
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2, 6 patients (10.5%); and CROSS 3, 11 patients (19.3%).
The mean interval between SEMS insertion and surgery
was 17.7 days (range, 5—46 days), and the mean postopera-
tive hospital stay was 19.5 days (range, 8—77 days). Some
patients were only allowed a liquid diet after SEMS place-
ment at the discretion of the physician, and 38 patients
(66.7%) could resume a normal diet after drainage.
Patients were received parenteral nutrition to meet their
nutritional requirements when needed.

Fifty patients (87.7%) underwent curative resection with
primary anastomosis. A stoma was created in seven patients,
including two diverting stomas. Laparoscopic surgery was
performed in 19 cases and conversion to an open procedure
was reported in two cases because of the severe adhesion in
one case and a tumor with direct invasion to the bladder in
the other. There were three major postoperative complica-
tions (Clavien—-Dindo grade > 3), including one in-hospital
death secondary to anastomotic leakage. Adjuvant chemo-
therapy was administered for 25 cases (44%). The reasons
for not administering chemotherapy were advanced age in
16 cases (50%) followed by patients’ preference in seven
cases (22%).

The mean CONUT score was 4.4 in the study. An ROC
curve analysis revealed that the optimal cut-off value for the
CONUT score was 7, which provided 82% sensitivity, 67%
specificity, and an AUROC of 0.66 (Fig. 2).

Kaplan—Meier survival curves demonstrated that CSS
and DFS were significantly shorter in the CONUT score >7
group (p =0.004, and p <0.0001, respectively; Fig. 3). The
relationship between the CONUT score status and the clin-
icopathological parameters of the 57 patients is shown in
Table 2. A CONUT score of >7 was significantly associ-
ated with elevated CA19-9 levels (p =0.03). Other clinico-
pathological factors and the interval between SEMS inser-
tion and surgery were comparable between the groups. The
postoperative complications and patterns of recurrence did
not differ to a statistically significant extent according to the
CONUT score.

Regarding CSS, univariate analyses revealed that the
CONUT score (p=0.005) was a significant prognostic
factor. In the multivariate analysis, < 12 harvested lymph
nodes (p=0.08 in univariate analysis), and potential con-
founding variables, including T stage, N stage, venous inva-
sion, and lymphatic invasion, were included in the model.
The result showed that a CONUT score of > 7 (hazard ratio
[HR]=10.19, 95% confidence interval [CI] 1.21-85.88,
p=0.03) was an independently associated with a poor prog-
nosis (Table 3).

Regarding DFS, CONUT scores of >7 (p =0.0002), and
CA 19-9>37 (p=0.045) were identified as significant prog-
nostic factors in univariate analyses. A multivariate analysis
controlled for potential confounding variables demonstrated
that CONUT score >7 (HR=7.07, 95% CI 2.31-21.65,
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Table 1 Characteristics of the 57 colorectal cancer cases

Value

Value

Age [min-max] 722 + 11.8 [37-90]

Gender

Male 34

Female 23
Tumor site

Left 44

Right 13
Depth of invasion (T stage)

T3 44

T4 13
Lymph node metastasis (N stage)

- 28

+ 29
Lymphatic invasion

- 9

+ 48
Venous invasion

- 18

+ 39
Histological differentiation

tub 56

por 1
Harvested lymph node

<12 5

>12 52

CROSS before stent placement

0 33

1 7

2 6

3 11
Stenting-related complications 2
Resume normal diet after stenting 38
Interval between stenting and operation (d) 177+ 8.4.2

[min—-max] [5-46]
Type of surgery

Resection with primary anastomosis 50

Resection with diverting stoma 2

Hartmann’s procedure 5
Laparoscopic resection (conversion) 19 (2)
Postoperative complications®

Grade I 11

Grade II 7

Grade III 2

Grade IV 0

Grade V 1
Postoperative hospital stay (d) [min-max] 195+ 12.2

[8-77]

Adjuvant chemotherapy

- 32

+ 25

Clavien-Dindo classification
CROSS ColoRectal Obstruction Scoring System

p=0.0006) was independently associated with a poor prog-
nosis (Table 4).

Discussion

The CONUT score was originally developed as a tool for
nutritional assessment, and previous studies demonstrated
its significant prognostic value in various malignancies
[4-8]. The CONUT score is determined based on the serum
albumin level, total cholesterol level, and total lymphocyte
count. Albumin reflects the nutritional status and is also a
non-specific marker of inflammation, chronic disease, and
the fluid status [24]. Hypoalbuminemia was reported to be
associated with cancer survival [1]. Cholesterol is a vital

component of the cell membrane and is also associated with
various signaling pathways [25]. The cholesterol level was
reported to be correlated with tumor progression and cancer
survival [26]. Lymphocytes have an anti-tumor effect, and
a low lymphocyte count was reported to be associated with
preexisting immunosuppression, as well as poor long-term
cancer survival [27]. The CONUT score was reported to be
significantly associated with the prognosis of patients with
lung [4], pancreatobiliary [5], esophageal [6], gastric [7],
and colorectal cancer [8, 14—19]. In the present study, we
investigated the relationship between the CONUT score and
the long-term outcomes of OCRC patients who underwent
SEMS placement and received curative surgery, demonstrat-
ing that the preoperative CONUT score was an independent
prognostic factor for CSS, and DFS.
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Fig.2 Receiver operating characteristic curve for the CONUT score.
X indicates the most prominent point

Yang et al. [14] investigated the relationship between
the CONUT score and circulating tumor cells (CTCs) in
colorectal cancer patients, and showed that the number and
the positive rate of CTCs were significantly correlated with
the CONUT score. A high CONUT score represents poor
nutrition and an impaired anti-tumor immune status, which
is an optimal environment for tumor growth, resulting in the
increased release and survival of CTC. While there is still
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much to be investigated, the result revealed a potential mech-
anism underlying the association between a high CONUT
score and poor long-term survival. Since the CONUT score
is easily calculated from routinely measured laboratory
results and has strong prognostic value, it should be easy
and meaningful to incorporate into daily practice.

SEMS mechanically dilates OCRC, which raises concerns
about short-term complications and long-term survival.
SEMS placement was shown to increase the viable CTC
count [28], cytokeratin 20 mRNA level [29], cell-free DNA
level, and circulating tumor DNA levels in the peripheral
blood [30]. SEMS placement was also associated with peri-
neural invasion [31, 32]. However, these worrisome findings
did not seem to directly translate to a poor prognosis, and
recent meta-analyses revealed that the long-term outcomes
of SEMS were comparable to those of emergency surgery
when used as a BTS [10, 33], and as palliative therapy [34].
Moreover, the incidence rates of local and distant recurrence
were not significantly different [10, 33]. In comparison to
patients treated with a TDT, no statistically significant dif-
ferences were observed with regard to patterns of recurrence
and long-term survival [35].

Obstruction is considered a poor prognostic feature for
which adjuvant chemotherapy is indicated [36]. However,
adjuvant chemotherapy was administered to less than half
of the patients in this study, mainly due to advanced age and
patient preference. Adjuvant chemotherapy was not strongly
recommended for stage II CRC by the Japanese guideline
until 2019 [37], which might also have affected the deci-
sion. Although adjuvant chemotherapy was not associated
with long-term outcomes in the present study, this result
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Fig. 3 Survival curves of 57 pathological stage II and III obstructive colorectal cancer patients who received stenting as a bridge to curative sur-
gery. Cancer-specific survival (a), and disease-free survival (b) were significantly shorter in the CONUT > 7 group
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Table 2 Association between Value CONUT score p value Value CONUT score p value
the CONUT score and -
clinicopathological parameters <7 >7 <7 >7
in 57 colorectal cancer cases
Age Histological differentiation
<70 19 1.00 tub 43 13 1.00
>70 25 por 1 0
Gender Harvested lymph node
Male 27 7 0.75 <12 2 3 0.07
Female 17 >12 42 10
CEA CROSS before stent placement
<5 23 0.76 0 26 7 0.76
>5 21 7 1 6 1
CA 19-9 2 5 1
<37 43 10 0.03 3 7 4
>37 1 3 Interval between stenting and operation (d)
Tumor site 18.1+9.3 16.3+4.3 0.53
left 35 9 0.47 Postoperative hospital stay (d)
right 9 4 18.3+12.0 23.7+12.3 0.16
Depth of invasion (T stage) Complication CD Grade 2111
T3 33 11 0.71 - 42 12 0.55
T4 11 2 + 2 1
Lymphnode metastasis (N stage) Adjuvant chemotherapy
- 20 8 0.36 - 23 9 0.35
+ 24 5 + 21 4
Lymphatic invasion Recurrence pattern
- 8 1 0.67 Lung 3 1 0.67
+ 36 12 Liver 6 5
Venous invasion Local 1 2
— 16 2 0.19 Peritoneal dis- 0 0
semination
28 11
CROSS ColoRectal Obstruction Scoring System, CD Clavien-Dindo
Tablg 3 The univariate and Variable Univariate analysis Multivariate analysis
multivariate analyses of
cancer-specific survival in 57 HR 95% CI p value HR 95% CI p value
obstructive colorectal cancer
patients Gender (male) 1.36 0.25-7.42 0.72
Age (>70) 3.99 0.47-34.15 0.21
CEA (=5) 0.90 0.18-4.47 0.90
CA 19-9 (=37) 3.21 0.37-27.67 0.29
Tumor site (right) 0.71 0.08-6.07 0.75
Depth of invasion (T4) N/A 1.00
Lymphnode metastasis (N +) 0.51 0.09-2.78 0.44 0.45 0.05-3.98 0.47
Lymphatic invasion (LY +) N/A 1.00
Venous invasion (V +) 3.18 0.37-27.28 0.29 2.18 0.18-26.40 0.54
Harvested lymph node (< 12) 4.70 0.85-25.97 0.08 0.39 0.03-5.94 0.49
Adjuvant chemotherapy (no) 4.67 0.54-40.00 0.16
CONUT (>7) 12.33 2.17-70.11 0.005 10.19 1.21-85.88 0.03
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Table 4 The univariate and

multivariate analyses of disease-

free survival in 57 obstructive
colorectal cancer patients

Variable Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value
Gender (male) 1.08 0.42-2.80 0.87
Age (=70) 1.65 0.62-4.42 0.32
CEA (=5) 0.92 0.36-2.32 0.86
CA 19-9 (>37) 3.58 1.03-12.44 0.045 2.56 0.59-11.06 0.21
Tumor site (right) 0.97 0.32-2.96 0.96
Depth of invasion (T4) 224 0.83-6.06 0.11 3.05 0.95-9.76 0.06
Lymphnode metastasis (N +) 1.36 0.53-3.44 0.52 1.63 0.53-5.02 0.39
Lymphatic invasion (LY +) 1.38 0.32-6.02 0.67 0.49 0.09-2.62 041
Venous invasion (V +) 1.52 0.54-4.28 0.43 1.04 0.35-3.11 0.94
Harvested lymph node (< 12) 1.59 0.36-6.93 0.54
Adjuvant chemotherapy (no) 2.05 0.77-5.48 0.15
CONUT (=7) 5.90 2.28-15.22 0.0002 7.07 2.31-21.65 0.0006

has to be interpreted with caution. We previously identi-
fied adjuvant chemotherapy as an independent prognostic
factor in an extended cohort of 72 OCRC patients [38]. As
the CONUT >7 was associated with a dismal prognosis,
these patients might still be good candidates for adjuvant
chemotherapy and close follow-up for such patients might
be warranted.

There is heterogeneity in the reported thresholds used to
define an elevated CONUT score in the literature. Previous
studies used various cut-off values ranging from 2 to 5 [8];
the cut-off value of 7 in the present study seemed to be the
largest value. Yoshimatsu et al. demonstrated that OCRC
was associated with an increased CONUT score among
351 colorectal cancer patients [15]. The elevated CONUT
scores might suggest that OCRC patients tended to be mal-
nourished and inflamed in comparison to non-obstructive
patients.

In the previous studies of colorectal cancer patients, the
CONUT score was associated with age, postoperative com-
plications, T Stage, tumor size, location, histologic grade,
and distant metastasis [16—18]. In the present study, the
CONUT score only showed a significant association with
CA 19-9, and not with other clinicopathological parameters,
postoperative complications, or postoperative hospital stay.
This might be due to the small number of cases, and the dif-
ferent patient backgrounds in this study.

Several inflammation-based markers are calculated from
the routinely measured laboratory results. They are con-
sidered to reflect the systemic inflammatory response and
nutritional status of the host, and are significantly associ-
ated with the short- and long-term outcomes of various
malignancies [39]. We previously reported the prognostic
value of the prognostic nutritional index (PNI), neutro-
phil-lymphocyte ratio (NLR), lymphocyte—-monocyte ratio
(LMR), platelet-lymphocyte ratio (PLR) [38], and modified
Glasgow prognostic score (mGPS) [40] using cohorts that
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overlapped with the current cohort, and demonstrated that
the PNI was significantly associated with CSS (HR =11.06,
95% CI 2.02-60.74, p=0.006) and DFS (HR =2.98, 95% CI
1.14-7.75, p=0.026) [38]. The cohort in the present study
was relatively small, which limited its statistical power; how-
ever, the present results indicated that the CONUT score
was a stronger predictor of CSS and DFS than the PNIL.
Moreover, the results indicated that evaluating the immuno-
nutritional status of the host, as represented by the CONUT
score and PNI, was important for patient assessment and
management.

In the present study, 18 eligible patients were excluded
from the analysis due to a missing preoperative total cho-
lesterol value, which was one of the limitations of the pre-
sent study. Although the total cholesterol value itself has
prognostic value [26], it was not recognized as an essential
item in routine preoperative evaluations. Other limitations
worth noting include the small sample size, the retrospec-
tive, non-randomized design, and the fact that it was per-
formed in a single institution. The median follow-up period
of 26 months was too short to draw definitive conclusions
regarding oncological outcomes. The patients were OCRC
cases who underwent SEMS placement and received cura-
tive surgery. They were a unique subset of colorectal cancer
patients; thus, the results have to be interpreted with caution.

In summary, the results of the present study demonstrated
that the preoperative CONUT score was an independ-
ent prognostic factor for CSS and DFS in OCRC patients
who underwent SEMS placement as a BTS. Evaluating the
immuno-nutritional status of the host by calculating the
CONUT score complementarily strengthens the clinico-
pathological evaluation of the tumor, which might result in
a more holistic assessment and tailored treatment. Future
research with a large study population and a longer observa-
tion period is warranted.
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