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ABSTRACT

Several studies have reported the preoperative control nutritional status (CONUT) score as
an independent prognostic factor for the prognosis of lung cancer patients. Patients with
severe chronic obstructive pulmonary disease usually have high cholesterol levels, cachexia,
and muscle atrophy. Abnormal nutritional status and lymphopenia were also related to
poor prognosis. We explored the relationship between the preoperative CONUT score and
patient prognosis and predicted the efficacy of pembrolizumab in lung cancer treatment. A
systematic literature search was performed to identify qualified articles reporting the prog-
nostic prediction potential of CONUT scores in lung cancer patients. A meta-analysis was
performed for the association between CONUT scores and survival outcomes and clinic-
pathological parameters. Overall, eight articles and 1,220 cases were included. Abnormal
preoperative CONUT scores were a poor prognostic factor for elderly lung cancer patients.
Finally, higher CONUT scores of pembrolizumab were associated with poor survival. CONUT
was an independent prognostic indicator of lung cancer, successfully predicting the efficacy

ARTICLE HISTORY
Received 17 May 2020
Accepted 1 November 2020

and prognosis of pembrolizumab in lung cancer treatment.

Introduction

Lung cancer is one of the most common causes of
cancer-related deaths worldwide, with more than one
million deaths per year. Despite developments in new
gene targeted therapeutic drugs and immunotherapy,
the patient’s prognosis is still not optimistic (1-3).
Exploring clinical indexes is important in predicting
patient prognosis and in guiding therapeutic selection
and optimization, which improve patient prognosis.
Clinical indexes include patient health status, age, can-
cer stage, serum lactate dehydrogenase (LDH) level, and
tumor classification, which are considered as prognostic
indexes. Their application in the clinical setting is contro-
versial. Malnutrition status was associated with a poor
prognosis for lung cancer patients. Evaluation of malnu-
trition is important to predict prognosis and select a
treatment strategy. Evidence shows that impaired
immuno-nutritional status is closely related to patient
prognosis. The prognostic nutritional index (PNI), calcu-
lated based on the serum albumin concentration and the

total number of peripheral blood lymphocytes, related to
the survival of lung cancer patients (4).

Another nutritional status index is the controlling
nutritional status (CONUT) score. It is a relatively new
index and is considered as an immune nutritional status
score. It has a significant relationship with prognosis in
various cancers, improving both disease-free survival
(DEFS) and overall survival (OS). It is a potential pre-
dictor of cancer progression and postoperative compli-
cations (5). The score is based on the serum albumin
concentration, the total number of peripheral lympho-
cytes, and the index, calculated with the total cholesterol
concentration. Compared with PNI, CONUT score
focuses less on albumin concentration and more on the
concentration of total cholesterol, which makes the
assessment of nutritional status more accurate.

CONUT is considered to be the most important
independent prognostic factor for lung cancer before
surgery (6-10). The albumin level is affected by
patient nutrition and the level of inflammation. In
addition, cancer cachexia can also affect albumin

CONTACT lJingjing Shao @ 771687919@qq.com @ Key Laboratory of Cancer Research Center Nantong, Nantong Tumor Hospital, Nantong University,

Nantong, China.
*Jingjing Shao and Jing Li contributed equally to this study.

This article has been republished with minor changes. These changes do not impact the academic content of the article.

© 2020 Taylor & Francis Group, LLC


http://crossmark.crossref.org/dialog/?doi=10.1080/01635581.2020.1850814&domain=pdf&date_stamp=2021-01-09
https://doi.org/10.1080/01635581.2020.1850814
http://www.tandfonline.com

2 J. SHAO ET AL.

levels. Moreover, cancer patients with cachexia have a
poor prognosis. Cancer can cause hypocholesterole-
mia, and low cholesterol is associated with poor prog-
nosis of cancer. In addition, patients with severe
chronic obstructive pulmonary disease present with
high serum cholesterol levels. The cachexia and
muscle atrophy in lung cancer patients with obstruct-
ive lung injury negatively affect the nutritional status
(4). Lymphopenia is a common clinical complication
that results in poor prognosis and is seen on chest
radiotherapy. Furthermore, lymphopenia can lead to
anti-tumor immune suppression and poor OS (11).
CONUT is used as an immune nutritional status
score, which can be used to enhance postoperative
recovery (ERAS) or as a potential predictor of cancer
progression and postoperative complications (5). In
recent years, CONUT scores have been extensively
studied in colorectal cancer (6), gastric cancer (12),
bladder cancer (13), and breast cancer (14). It has
been related to a poor clinical prognosis and has been
used in surgery. Moreover, it was related to the inci-
dence of later complications. The CONUT score has
been studied in the prognosis of lung cancer (15). The
use of CONUT score for lung cancer was first
reported in 2017, and several articles have been pub-
lished in the following years. Their result can be
adopted. However, the results of these studies were
controversial, owing to the use of different cutoff val-
ues of the CONUT score. The prognostic significance
of the CONUT score has not been systematically
studied in patients with lung cancer so far. The pur-
pose of this study was to explore the association
between the CONUT score and prognostic clinical
parameters of patients following lung cancer resection.
Moreover, it determined the potential application of
CONUT scores for predicting the prognosis of
patients receiving pembrolizumab treatment.

Materials and Methods
Search Method

The PRISMA guidelines were followed in this study
(16). A systematic literature search was conducted
using five publication libraries: Embase, Medline
Ovid, Web of Science, Cochrane CENTRAL, and
Google scholar on March 9, 2020. Literature reporting
the association between the CONUT score and out-
comes in patients with lung cancer was identified.
Eligible studies were independently screened by two
investigators.

Preparation for Inclusion

A total of 1,571 articles were searched using the data-
base; 1,321 articles were excluded from the records,
and 23 articles were evaluated for full-text articles.
This included 11 articles of qualitative synthesis.
Finally, eight meta-analysis articles were included.

Data Extraction and Quality Assessment

According to the guidelines, we independently
screened the title, abstract, and full text. Articles that
met the standards were included. Survival data were
extracted from the author, year of publication, type of
research, basic treatment method of the patient, fol-
low-up time, number of patients, cutoff value of the
CONUT score, and OS and DEFS results in the
included articles. The Newcastle-Ottawa Scale score
was used to assess the quality of the meta-analysis
study. The scoring criteria were: <5, low quality; 6 or
7, medium quality; >8, and high quality (16).

Statistical Analysis

All calculations were performed using STATA 14.0
software. If P> value <0.05 or P>0.1, a fixed-effect
model was used. If the conditions were not met, the
random effects model was used to analyze the signifi-
cant heterogeneity. The literature included in this
study comprised retrospective studies, published by
hospitals or research institutions in Japan. The litera-
ture sensitivity analysis was stable in all included
patient data, and the funnel chart examination did not
show asymmetry. P < 0.05 was considered significant.

Results

In the literature search step, the term “controlling nutri-
tional status” was used to search the database, and 1,571
articles were retrieved. We further reviewed the title or
abstract of the studies as well as removed duplicates and
those with no available data, too little data, or inconsis-
tencies. Finally, eight articles were considered qualified
and included in the meta-analysis (Figure 1).

The data included were from the literature pub-
lished from 2017 to 2020, including a total of 1,220
patients. The cutoff values of the CONUT scores were
different for all studies. This study conducted a sys-
tematic meta-analysis of the eight included studies
and focused on OS or DFS. Table 1 is the
Newcastle-Ottawa Scale (NOS) scoring of these docu-
ments. All articles scored seven to eight points, and
all were medium- or high-quality articles (17). The
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Figure 1. Flow chart of published studies for inclusion in the systematic review.

Table 1. Basic information.

Author Year  Country  Ethnicity = Treatment  Follow-up (month)  Cutoff  Study period  Patients (n)  Survival analysis ~ NOS score
Toyokawa 2019  Japan Asian Surgery 61.2 2 2007-2010 273 OS/DFS 8
Takamori 2019  Japan Asian Surgery NA 2 2005-2010 189 OS/DFS 8
Miura 2019  Japan Asian Surgery 60 1 2007-2010 99 0S 7
Toyokawa 2017  Japan Asian Surgery NA 2 2003-2012 108 OS/DFS 7
Ohba 2019  Japan Asian PD-L1 12 2 2017-2018 32 OS/DFS 8
Akamine 2017  Japan Asian Surgery 36 1 2003-2012 109 OS/DFS 8
Shoji 2017  Japan Asian Surgery 58 1 2005-2010 138 DFS 7
Shoji 2017  Japan Asian Surgery 51 1 2005-2012 272 oS 7

fifth article concluded that among patients receiving
pembrolizumab as first-line treatment, high CONUT
scores were associated with poor DFS and OS. In add-
ition, the third and eight articles concluded that
abnormal preoperative CONUT score was a factor of
poor prognosis in elderly patients with lung cancer
complicated by other diseases. The fourth CONUT
score was an independent prognostic factor for DFS
and OS in lung cancer patients.

Seven of the articles studied the impact of CONUT
score on OS (Figure 2). The results, based on the
fixed effects model, showed that the patients with

high CONUT scores had a worse prognosis at 5 years
than those with low CONUT scores (hazard ratio
[HR] 1.94, 95% confidence interval [CI] 1.574-2.399,
P <0.001, I’ =7.3%, Ph = 0.372).

Six of the articles studied the impact of CONUT
score on DFS (Figure 3). The result, based on the
fixed effects model, showed that lung cancer patients
with high CONUT scores had a worse prognosis in
5-year DFS than those with low CONUT scores
(HR 2.29, 95% CI 1.776-2.954, P <0.001, I* =10.2%,
Ph = 0.35). Correlation analysis of CONUT score OS
and DFS (Table 2).
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Study %

ID ES (95% Cl) Weight
Toyokawa (2019) e 2.72(1.74,4.25) 22.26
Takamori (2019) —— 1.66 (0.92,2.97) 12.93
Miura (2019) —=— 1.96 (1.13,3.42)  14.48

Toyokawa (2017)

2.38(1.17,4.70)  9.20

Ohba (2019)

Akamine (2017)

> 4.00 (1.02, 20.00) 2.00

2.45(1.01,6.58) 5.04

Shoji (2017) 1.45(1.01,2.07)  34.10
Overall (l-squared =7.3%, p =0.372) <> 1.94 (1.57, 2.40) 100.00
o5 : 2
Figure 2. Seven articles studied the impact of CONUT score on OS.
Study %
ID ES (95% Cl) Weight
Toyokawa (2019) — 2.29 (1.48, 3.49) 35.15
Takamori (2019) - 1.81(1.08,2.99)  24.95
Toyokawa (2017) _._ 2.07 (1.15, 3.64) 19.41
Ohba (2019) ~—+— 5.88 (2.12,16.66)  6.09
Akamine (2017) —+— 2.36 (1.23, 4.99) 13.15
Shoji (2017) = > 9.07 (1.76, 165.68)  1.25
Overall (I-squared = 10.2%, p = 0.350) <> 2.29 (1.78, 2.95) 100.00
T ‘ T

.00604 1

Figure 3. Six articles studied the effect of CONUT score on DFS.

The number of study cases included, the number
of patients, the model used, HR, P value, and hetero-
geneity were the research objects. The results showed
that the surgical method (HR 1.915, 95% CI
1.548-2.369, P < 0.001, I =9.9%, Ph = 0.352) used a
fixed-effect model. The cutoff value of CONUT score
was 1 or 2 (HR 1.651, 95% CI 1.238-2.201,
P<0.001, ’=0%, Ph = 0.46; HR 2.347, 95% CI
1.722-3.198, P=0, I* = 0%, Ph = 0.521, respectively).
The number of cases studied was <100 or > 100
(HR 1.907, 95% 1.515-2.402, P=0, I’ =27.8%, Ph =

166

0.236; HR 2.138, 95% CI 1.272-3.592, P <0.004,
I?=0%, Ph = 0.379), and a fixed effects model was
used. The results, based on the fixed effects model,
showed that the surgical method, cutoff, and the
stratified analysis of the number of cases studied
were meaningful.

A correlation analysis was conducted for the
CONUT score and clinical factors (Table 3). A strati-
fied analysis based on smoking, BMI, tumor stage,
and histology was performed. The results showed that
smoking (HR 1.086, 95% CI 0.847-1.391, P <0.516.



Table 2. CONUT score OS, DFS correlation analysis.
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Heterogeneity

Factors No. of studies No. of patients Effects model HR (95% Cl) P ? Py
oS Overall 7 1082 Fixed 1.943 (1.574-2.399) 0 7.30% 0.372
Treatment
PD-L1 1 32 NA
Surgery 6 1050 Fixed 1.915(1.548-2.369) 0 9.90% 0.352
Cutoff
<1 3 480 Fixed 1.651 (1.238-2.201) 0.001 0.00% 0.46
>2 4 602 Fixed 2.347 (1.722-3.198) 0 0.00% 0.521
Patients (n)
<100 2 131 Fixed 1.907 (1.515-2.402) 0 27.80% 0.236
>100 5 951 Fixed 2.138 (1.272-3.592) 0.004 0.00% 0.379
DFS Overall 6 849 Fixed 2.291 (1.776-2.954) 0 10.20% 0.35
Table 3. Correlation analysis of CONUT score on clinical factors.
Heterogeneity
Variable No. of studies No. of patients Effects model HR (95% Cl) P 12 PH
Smoking (yes vs. no) 5 486 Fixed 1.086 (0.847-1.391) 0.516 0% 0.968
BMI (high vs. low) 3 316 Random 0.63 (0.222-1.781) 0.383 83% 0.003
Tumor stage (T1-T2 vs. T3) 3 316 Random 1.133 (0.704-1.824) 0.606 79% 0.008
Histology (adenocarcinoma vs. other) 3 346 Random 1.355 (0.494-3.715) 0.555 93.30% 0
Begg's funnel plot with pseudo 95% confidence limits Z:jf;i"maxsi::jxed'eﬁems estimates (inear form)
Toyokawa2019
24
Takamori2019
]
14 Miura2019
O O
% \O Toyokawa2017
s
0 Ohba2019
Akamine2017
14 Shoji2017 | |
s 5 A 5 5 033 045 0.66 0.88 108
s.e. of: log[hr]

Figure 4. OS funnel chart and sensitivity analysis chart.

F=0%, Ph = 0.968), using fixed effects model, BMI
(HR 0.63, 95% CI 0.222-1.781, P < 0.383, P =83%,
Ph = 0.003), so random effects model is used. Tumor
stage (HR 1.133, 95% CI 0.704-1.824, P <0.606,
I*=79%, Ph = 0.008), so the random effects model is
adopted. Histology (HR 1.355, 95% CI 0.494-3.715,
P <0.555, [’=93.3%, Ph = 0), so the random effects
model is adopted. Except for smoking with a fixed-
effect model, BMI, tumor staging, and tumor typing
all used random effects models, and there was no
statistical difference in P values.

A funnel chart was made based on the data
provided by the included articles. The test result indi-
cated that there was no evidence of publication bias
(Egger’s test P < 0.186). The sensitivity analysis chart
showed that the current data research was relatively
stable and reliable (Figures 4 and 5).

Figure 5. OS funnel chart and sensitivity analysis chart.

Discussion

This is the first meta-analysis investigating the use of
the CONUT score as a prognostic indicator of lung
cancer. Serum albumin is one of the most commonly
used indicators to assess nutritional status. Previous
studies have shown that low albumin levels were
related to poor nutritional status and clinical outcomes
in various cancers, including colorectal cancer, stomach
cancer, breast cancer, and lung cancer. Patients with
good nutrition and healthy livers, producing normal
amounts of albumin, have good resistance to disease
and tumor growth. Albumin is inhibited by inflamma-
tory cytokines, such as tumor necrosis factor-a, IL-1,
and IL-6, which promote tumor development (18).
Since cancer affects its metabolism, albumin can be
used to reflect physical conditions. Different immune
functions, especially cell-mediated immune functions,
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are affected by hypoproteinemia. Patients with postop-
erative hypoproteinemia have increased infections. It is
not clear whether correcting hypoproteinemia can
reduce postoperative complications or cancer recur-
rence. Further study is needed to investigate whether it
can effectively improve the survival rate and reduce
postoperative complications and tumor recurrence (5).

Cholesterol metabolism is abnormal in malignant
tumor cells, including prostate cancer, lung cancer, acute
myeloid leukemia, breast cancer, and other tumors.
Tumor cell proliferation may require new membrane
synthesis. Cholesterol was higher in tumor tissues than
in normal tissues. Cholesterol was related to cell prolifer-
ation, and cholesterol provides favorable conditions for
cell growth. Cholesterol oxidase can increase the content
of ROS by reducing cholesterol levels, which leads to cell
apoptosis. Based on previous research, HDL-C played an
active role in cancer development (19). Low serum chol-
esterol levels were related to the poor prognosis of
patients with malignant tumors, such as colorectal can-
cer, kidney cancer, and pancreatic cancer. In addition,
hypocholesterolemia can cause systemic inflammation
and cancer. CONUT score includes immune defense,
calorie consumption, and protein savings. Therefore, the
CONUT score can reflect the immune and nutri-
tional status.

The high lymphatic count indicated that tumor
proliferation, growth, and related
(20,21). Low lymphatic count may lead to tumor pro-

invasion were

gression and is related to a poor prognosis of gastro-
intestinal tumors. The decreased lymphocytes
indicated the poor prognosis of lung cancer patients
(19). Numerous literature reports indicated that the
number of lymphocytes was related to the survival
rate of lung cancer patients, and the poor prognosis
of advanced cancer was related to lymphopenia.

The CONUT score was significantly related to the
long-term prognosis of lung cancer patients in this study
due to the following reasons. First, patients with high
CONUT scores had lower OS and DEFES survival rates
than those with low CONUT scores. This suggested the
CONUT score can predict the prognosis of lung cancer
(4,10,22), and patients with high clinical CONUT scores
should be followed up more carefully. Second, preopera-
tive nutritional intervention may improve treatment
results and hospital stay. In particular, it has a suggestive
effect on the survival rate of radical surgery for patho-
logical stage I non-small cell lung cancer (4,23). Third,
normal preoperative and postoperative immune nutrition
are important to reduce postoperative complications of
lung cancer (24).

This study has limitations. All studies were retro-
spective studies, and the number of cases was small.
The articles based on this study is from Japan, so the
application of its results to other countries and
regions is limited. Further studies are needed in
multi-center and with large-scale cases to further con-
firm the prognostic significance of the score.

This review emphasized that the CONUT score can
be used as an indicator to predict the survival rate and
complications of lung cancer patients. It was clinically
simple, quick, and economic. However, prospective stud-
ies are needed for multi-center and large-scale cases, and
further research is needed to determine the prognostic
and therapeutic benefits of nutritional interventions as
well as the underlying mechanism.
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